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FOREWORD : This  report  presents  the  results  of  the  bioassay  of 

1 , 5-naphthalenediamine  conducted  for  the  Carcinogenesis  Testing  Pro- 
gram, Division  of  Cancer  Cause  and  Prevention,  National  Cancer  Insti- 
tute (NCI),  National  Institutes  of  Health,  Bethesda,  Maryland.  This 
is  one  of  a series  of  experiments  designed  to  determine  whether  se- 
lected chemicals  have  the  capacity  to  produce  cancer  in  animals.  Neg- 
ative results,  in  which  the  test  animals  do  not  have  a significantly 
greater  incidence  of  cancer  than  control  animals,  do  not  necessarily 
mean  the  test  chemical  is  not  a carcinogen  because  the  experiments 
are  conducted  under  a limited  set  of  circumstances.  Positive  results 
demonstrate  that  the  test  chemical  is  carcinogenic  for  animals  under 
the  conditions  of  the  test  and  indicate  a potential  risk  to  man.  The 
actual  determination  of  the  risk  to  man  from  animal  carcinogens  re- 
quires a wider  analysis. 

CONTRIBUTORS : This  bioassay  of  1 , 5-naphthalenediamine  was  conducted 

by  Mason  Research  Institute,  Worcester,  Massachusetts,  initially 
under  direct  contract  to  the  NCI  and  currently  under  a subcontract 
to  Tracor  Jitco,  Inc.,  prime  contractor  for  the  NCI  Carcinogenesis 
Testing  Program. 
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(6). 
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SUMMARY 


A bioassay  of  1 ,5-naphthalenediamine  for  possible  carcinogenicity 
was  conducted  using  Fischer  344  rats  and  B6C3F1  mice.  1 , 5-Naphthalene- 
diamine  was  administered  in  the  feed,  at  either  of  two  concentrations, 
to  groups  of  50  male  and  50  female  animals  of  each  species.  The  high 
and  low  dietary  concentrations  utilized  in  the  chronic  bioassay  were, 
respectively,  0.1  and  0.05  percent  for  rats  and  0.2  and  0.1  percent 
for  mice.  The  compound  was  administered  in  the  diet  for  103  weeks, 
followed  by  up  to  4 weeks  of  observation.  Fifty  mice  of  each  sex  and 
25  rats  of  each  sex  were  placed  on  test  as  controls.  These  animals 
were  observed  for  up  to  110  weeks. 

There  were  no  significant  positive  associations  between  the  ad- 
ministered concentrations  of  1 ,5-naphthalenediamine  and  mortality  in 
either  sex  of  rats  or  mice.  In  all  groups  adequate  numbers  of  animals 
survived  sufficiently  long  to  be  at  risk  from  late-developing  tumors. 

Among  dosed  female  rats,  a statistically  significant  increase 
in  endometrial  stromal  polyps  was  observed.  Several  of  these  tumors 
underwent  malignant  transformation  to  endometrial  stromal  sarcomas. 

The  incidence  of  female  rats  having  either  adenoma  or  carcinoma  of 
the  clitoral  gland  was  statistically  significant.  No  neoplasms  were 
observed  at  significantly  increased  incidences  in  dosed  male  rats. 

Based  on  lack  of  clinical  signs  or  weight  loss,  the  male  rats  may 
have  been  able  to  withstand  a higher  dose. 

In  mice,  dose-related  increases  in  thyroid  neoplasms  were  observed 
in  both  sexes.  The  incidence  of  thyroid  C-cell  carcinomas  was  signifi- 
cant for  high  dose  female  mice.  The  combined  incidences  of  papillary 
adenomas,  follicular-cell  adenomas  and  papillary  cystadenomas  of  the 
thyroid  were  significant  for  mice  of  both  sexes.  The  incidence  of 
hepatocellular  carcinomas  and  the  incidence  of  alveolar/bronchiolar 
adenomas  were  each  significant  for  dosed  female  mice. 

Under  the  conditions  of  this  bioassay,  1 , 5-naphthalenediamine  was 
carcinogenic  in  female  Fischer  344  rats,  causing  clitoral  and  uterine 
neoplasms.  1 ,5-Naphthalenediamine  was  also  carcinogenic  for  B6C3F1 
mice,  producing  thyroid  neoplasms  in  males  and  neoplasms  of  the  thyroid, 
liver,  and  lung  in  females.  Insufficient  evidence  was  provided  for  the 
carcinogenicity  of  the  compound  in  male  Fischer  344  rats. 
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I.  INTRODUCTION 


1 , 5-Naphthalenediamine  (Figure  1)  (NCI  No.  C03021),  a bicyclic 
aromatic  amine  used  in  the  dye  industry,  was  selected  for  bioassay  by 
the  National  Cancer  Institute  because  of  the  high  incidence  of  bladder 
cancer  reported  among  dye  manufacturing  industry  workers  (Anthony  and 
Thomas,  1970;  Wynder  et  al.,  1963).  Aromatic  amines  are  one  class  of 
chemicals  believed  to  contribute  to  the  increased  cancer  risk  in  this 
industry  (Wynder  et  al . , 1963).  The  structural  similarity  of  1,5- 
naphthalenediamine  to  both  the  human  bladder  carcinogen  2-naphthyla- 
mine  (international  Agency  for  Research  on  Cancer  [IARC],  1974)  and 
the  suspected  carcinogen  1 -naphthyl amine  (IARC,  1974)  was  an  addi- 
tional factor  in  its  selection  for  testing. 

The  Chemical  Abstracts  Service  (CAS)  Ninth  Collective  Index 

k 

(1977)  name  for  this  compound  is  1 , 5-naphthalenediamine.  It  is  also 
known  as  1 , 5-diaminonaphthalene. 

1 , 5-Naphthalenediamine  can  be  used  as  an  oxidation  base  (Colour 
Index  [C.I.]  76595),  an  intermediate  in  the  synthesis  of  the  dye 
Naphthylene  Red  (C.I.  21650)  (Society  of  Dyers  and  Colourists,  1956), 
and  in  the  production  of  a black  trisazo  dye  for  cotton  (Taube,  1973). 

1 , 5-Naphthalenediamine  has  also  been  used  as  a precursor  for  1,5-naph- 
thalenediisocyanate  (Hirai  and  Yamamoto,  1975);  as  an  intermediate 
in  the  synthesis  of  drugs  for  the  symptomatic  treatment  of  asthma  or 

k 

The  CAS  registry  number  is  2243-62-1 
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FIGURE  1 

CHEMICAL  STRUCTURE  OF  1,5-NAPHTHALENEDI AMINE 
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rhinitis  (Hall,  1976);  as  a component  of  piperazine-modified  aromatic 
polyamides  (Fujiwara  et  al.,  1974);  and  as  a modifier  for  phenolic 
resins  used  in  rapid  curing  compounds  (Freeman  et  al.,  1974);  however, 
these  uses  appear  to  be  purely  experimental. 

Specific  production  data  for  1 ,5-naphthalenediamine  are  not 
available;  however,  the  exclusion  of  this  compound  from  the  1977 
Directory  of  Chemical  Producers,  U.S.A.  (Stanford  Research  Institute, 
1977)  implies  that  it  is  not  produced  in  commercial  quantities  (in 
excess  of  1000  pounds  or  $1000  in  value  annually). 

The  potential  for  exposure  to  1 ,5-naphthalenediamine  may  be 
greatest  for  workers  in  the  dye  industry  and  persons  engaged  in 
chemical  research  with  this  compound. 
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II.  MATERIALS  AND  METHODS 


A.  Chemicals 

1 , 5-Naphthalenediamine  was  purchased  from  Carroll  Products,  Wood 
River  Junction,  Rhode  Island  by  the  NCI  for  Mason  Research  Institute, 
Worcester,  Massachusetts,  and  chemical  analysis  was  performed  by  Mid- 
west Research  Institute,  Kansas  City,  Missouri.  The  experimentally 
determined  melting  point  of  190°  to  191°C  suggested  a compound  of 
high  purity  based  on  its  narrow  range  and  its  close  proximity  to  the 
value  (190°C)  reported  in  the  literature  (Pollock  and  Stevens,  1965). 

Elemental  analysis  was  consistent  with  C H N , the  molecular  formula 

10  10  2 

for  1 , 5-naphthalenediamine . However,  nonaqueous  amine  group  titration 
was  approximately  89  to  90  percent  of  that  expected  on  a theoretical 
basis.  Vapor-phase  chromatography  revealed  one  homogeneous  peak,  but 
thin-layer  chromatography  utilizing  two  solvent  systems  ( acetone : ammo- 
nium hydroxide  and  me thylethylketone : formic  acid),  each  visualized  with 
254  nm  and  367  nm  light,  indicated  the  presence  of  one  nonmotile  im- 
purity. Nuclear  magnetic  and  infrared  analyses  were  consistent  with 

the  structure  of  the  compound.  Ultraviolet  analysis  showed  \ at 

max 

232,  328  and  498  nm  with  e values  of  62,800,  10,640  and  9,  respec- 
tively. The  literature  (Sadtler  Standard  Spectra)  indicates  a \ 

max 

at  328.5  nm  with  e = 10,000  for  1 , 5-naphthalened iamine . The  observed 
e at  328  nm  was  10,640  (6  percent  greater  than  expected). 

Throughout  this  report  the  term  1 , 5-naphthalenediamine  is  used 
to  represent  this  compound. 
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B . Dietary  Preparation 


The  basal  laboratory  diet  for  both  dosed  and  control  animals 

(R)  . . 

consisted  of  Wayne  Lab-Bloxw (Allied  Mills,  Inc.,  Chicago,  Illinois). 

1 , 5-Naphthalenediamine  was  administered  to  the  dosed  animals  as  a 
component  of  the  diet.  Under  an  exhaust  hood,  proper  amounts  of  the 
chemical  were  removed  from  the  stock  bottle.  The  compound  was 
blended  in  an  aluminum  bowl  with  an  aliquot  of  the  ground  feed. 

Once  visual  homogeneity  was  attained,  the  mixture  was  placed  into  a 
6 kg  capacity  Patterson-Kel ley  twin-shell  stainless  steel  V-blender, 
along  with  the  remainder  of  the  meal  and  blended  for  20  minutes. 
Prepared  diets  were  placed  in  double  plastic  bags  and  stored  in  the 
dark  at  4°C.  The  mixture  was  used  for  1 week  only. 

C . Animals 

Two  animal  species,  rats  and  mice,  were  used  in  the  carcinogeni- 
city bioassay.  Fischer  344  rats  and  B6C3F1  mice  were  obtained  through 
contracts  of  the  Division  of  Cancer  Treatment,  National  Cancer  Insti- 
tute. All  animals  were  obtained  from  Charles  River  Breeding  Labora- 
tories, Inc.,  Wilmington,  Massachusetts.  Dosed  and  control  animals 
were  received  in  separate  shipments.  Upon  arrival,  a sample  of  ani- 
mals was  examined  for  parasites  and  other  signs  of  disease.  All  ani- 
mals appeared  to  have  parasites.  They  were  treated  with  3.0  gm  of 
piperazine  adipate  per  liter  of  drinking  water,  ad  libitum,  for  3 
days,  followed  by  3 days  of  plain  tapwater  and  3 subsequent  days  of 
piperazine  adipate  administration.  During  this  period,  new  cages 
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with  fresh  bedding  were  provided  daily.  Animals  were  held  in  quar- 
antine by  species  for  2 weeks  prior  to  initiation  of  test.  Animals 
were  assigned  to  groups  and  distributed  among  cages  so  that  average 
body  weight  per  cage  was  approximately  equal  for  a given  sex  and 
s pec ies . 

D . Animal  Maintenance 

All  animals  were  housed  by  species  in  rooms  having  a temperature 
range  of  23°  to  34°C.  Incoming  air  was  filtered  through  Tri-Dek 
15/40  denier  Dacron  filters  (Tri-Dim  Filter  Corp. , Hawthorne,  New 
Jersey)  providing  six  changes  of  room  air  per  hour.  Fluorescent 
lighting  was  provided  on  a 12-hour-daily  cycle. 

Rats  were  housed  five  per  cage  by  sex.  During  quarantine  and 
for  the  first  14  months  of  study  rats  were  housed  in  gal vanized-s teel 
wire-mesh  cages  suspended  over  newspapers.  Newspapers  under  cages 
were  replaced  daily  and  cages  and  racks  washed  weekly.  For  the  re- 
mainder of  the  study,  rats  were  held  in  suspended  polycarbonate  cages 
equipped  with  disposable  nonwoven  fiber  filter  sheets.  Clean  bedding 
and  cages  were  provided  twice  weekly.  SAN-I-CEL  corncob  bedding 
(Paxton  Processing  Company,  Paxton,  Illinois)  was  used  for  the  first 
2 months  that  rats  were  housed  in  polycarbonate  cages.  For  the  re- 
mainder of  the  study,  Aspen  hardwood  chip  bedding  (American  Excelsior 
Company,  Baltimore,  Maryland)  was  used.  Stainless  steel  cage  racks 
were  cleaned  once  every  2 weeks,  and  disposable  filters  were  replaced 
at  that  time. 
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Mice  were  housed  by  sex  in  polycarbonate  shoe  box  type  cages. 

Cages  were  fitted  with  perforated  stainless  steel  lids  (Lab  Products, 
Inc.,  Garfield,  New  Jersey).  Nonwoven  fiber  filter  bonnets  were  used 
over  cage  lids.  Control  mice  were  housed  ten  per  cage  for  the  first 
month  of  study  and  five  per  cage  thereafter.  Dosed  mice  were  held 
five  per  cage  throughout  the  study.  Clean  cages,  lids,  and  bedding 
were  provided  twice  per  week.  SAN-I-CELW  was  used  during  the  first  9 
months  of  study.  A second  corncob  bedding  (Bed-o-Cobs  , The  Andersons 
Cob  Division,  Maumee,  Ohio)  was  used  for  the  next  8 months.  Aspen 
bedding  was  used  for  the  remainder  of  the  study.  Reusable  filter 
bonnets  and  pipe  racks  were  sanitized  every  2 weeks  throughout  the 
s tudy . 

Water  was  available  from  250  ml  polycarbonate  water  bottles 
equipped  with  rubber  stoppers  and  stainless  steel  sipper  tubes. 

Bottles  were  replaced  twice  weekly  and,  for  rats  only,  water  was 
supplied  as  needed  between  changes.  Food  and  water  were  available 
ad  1 ibitum. 

Wayne  Lab-Blox  meal  was  supplied  to  rats  for  12  months  and  mice 

® . 

for  11  months  from  Alpine  aluminum  feed  cups  (Curtin  Matheson  Scien- 
tific, Inc.,  Woburn,  Massachusetts)  containing  stainless  steel  baffles. 
After  that  period,  meal  was  supplied  from  stainless  steel  gangstyle 
food  hoppers  (Scientific  Cages,  Inc.,  Bryan,  Texas).  During  the 
2-year  period  of  chemical  administration,  dosed  animals  were  supplied 
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with  meal  containing  the  appropriate  concentrations  of  1,5-naphthalene- 
diamine.  Control  animals  had  untreated  meal  available.  Food  hoppers 
were  changed  on  the  same  schedule  as  were  cages.  Food  was  replenished 
daily  in  Alpinew  feed  cups. 

All  rats  utilized  in  the  1 , 5-naphthal ened iamine  bioassay  were 

* 

housed  in  a room  with  other  rats  receiving  diets  containing  acetyl- 
aminof luorene  (53-96-3);  sodium  nitrite  (76-32-00-0);  L-arginine  gluta- 
mate (4320-30-3);  N-butylurea  (592-31-4);  N,N-dimethyl-p-nitrosoaniline 
(138-89-6);  2 , 5-toluenediamine  sulfate  (6369-59-1);  2 , 4-d initrotoluene 
(121-14-2);  4-nitroanthranilic  acid  (619-17-0);  N-( 1 -naphthyl ) ethylene- 
diamine  dihydrochloride  (1465-25-4);  2-chloro-p-phenylenediamine  sul- 
fate (61702-44-1);  aniline  hydrochloride  (142-04-1);  and  p-anisidine 
hydrochloride  (20265-97-8). 

Dosed  mice  were  in  a room  with  mice  intubated  with  m-cresidine 
(102-50-1);  and  with  other  mice  receiving  diets  containing  N-(l-naph- 
thyl)ethylenediamine  dihydrochloride  (1465-25-4)  and  lH-benzotriazole 
(95-14-7).  Control  mice  were  in  a room  with  other  mice  receiving 
diets  containing  hydrazobenzene  (530-50-7);  2 , 3 , 5 , 6-tetrachloro-4- 
nitroanisole  (2438-88-2);  tr is ( 2 , 3-dibromopropyl ) phosphate  (126-72-7); 
N-( 1-naphthyl) ethylened iamine  dihydrochloride  (1465-25-4);  aniline 
hydrochloride  (142-04-1);  and  2-chloro-o-phenylened iamine  sulfate. 


CAS  registry  numbers  are  given  in  parentheses. 
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E.  Selection  of  Initial  Concentrations 


In  order  to  establish  the  maximum  tolerated  concentrations  of 
1 , 5-naphthalenediamine  for  administration  to  dosed  animals  in  the 
chronic  studies,  subchronic  toxicity  studies  were  conducted  with  both 
rats  and  mice.  Animals  of  each  species  were  distributed  among  six 
groups,  each  consisting  of  five  males  and  five  females.  1,5-Naphtha- 
lenediamine  was  incorporated  into  the  basal  laboratory  diet  and  sup- 
plied jad  libitum  to  five  of  the  six  rat  groups  and  five  of  the  six 
mouse  groups  in  concentrations  of  0.03,  0.1,  0.3,  1.0,  and  3.0 
percent.  The  sixth  group  of  each  species  served  as  a control  group, 
receiving  only  the  basal  laboratory  diet.  The  dosed  dietary  prepa- 
rations were  administered  for  8 weeks. 

The  highest  concentration  causing  no  deaths,  no  compound-related 
gross  abnormalities,  and  no  mean  body  weight  depression  in  excess  of 
20  percent  relative  to  controls  was  selected  as  the  high  concentration 
for  the  chronic  bioassay. 

Deaths  were  recorded  for  all  groups  of  rats  receiving  concen- 
trations of  0.3  percent  or  more.  Mean  body  weight  depression  was 
approximately  19  and  9 percent,  respectively,  in  males  and  females 
dosed  with  0.1  percent  1 , 5-naphthalenediamine.  The  concentration 
of  1 , 5-naphthalenediamine  selected  for  administration  as  the  high 
dose  in  the  rat  chronic  bioassay  was  0.1  percent. 

Deaths  were  recorded  for  all  groups  of  mice  receiving  concen- 
trations of  0.3  percent  or  more  and  in  the  group  of  female  mice 
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receiving  0.03  percent.  Mean  body  weight  depression  was  approximately 
22  and  3 percent,  respectively,  in  males  and  females  dosed  with  0.3 
percent.  Males  receiving  0.1  percent  experienced  mean  body  weight 
depression  of  approximately  3 percent,  while  females  receiving  the 
same  concentration  had  a greater  mean  body  weight  than  the  controls. 
The  concentration  of  1 , 5-naphthalenediamine  selected  for  administra- 
tion as  the  high  dose  in  the  mouse  chronic  bioassay  was  0.2  percent. 

F . Experimental  Design 

The  experimental  design  parameters  for  the  chronic  study  (spe- 
cies, sex,  group  size,  concentrations  administered,  and  duration  of 
treated  and  untreated  observation  periods)  are  summarized  in  Tables 
1 and  2. 

Rats  were  all  approximately  7 weeks  old  at  the  time  they  were 
placed  on  test.  Dosed  rats  were  born  approximately  1 month  earlier 
than  controls  and  were  started  on  test  1 month  earlier  than  controls. 
The  dietary  concentrations  of  1 , 5-naphthalenediamine  administered 
were  0.10  and  0.05  percent.  Throughout  this  report  those  rats 
receiving  the  former  concentration  are  referred  to  as  the  high  dose 
groups  and  those  receiving  the  latter  concentration  are  referred  to 
as  the  low  dose  groups.  The  dosed  rats  were  supplied  with  feed  con- 
taining 1 , 5-naphthalenediamine  for  a total  of  103  weeks,  followed  by 
a 3-  to  4-week  observation  period. 

All  mice  were  approximately  7 weeks  old  at  the  time  they  were 
placed  on  test.  Dosed  mice  were  born  approximately  1 month  earlier 
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TABLE  1 


DESIGN  SUMMARY  FOR  FISCHER  344  RATS 
1 ,5-NAPHTHALENEDIAMINE  FEEDING  EXPERIMENT 


MALE 

CONTROL 

INITIAL 

GROUP 

SIZE 

1,5-NAPHTHALENE- 

DIAMINE 

CONCENTRATION 

(PERCENT) 

OBSERVATION  PERIOD 
TREATED  UNTREATED 
(WEEKS)  (WEEKS) 

25 

0 

0 

109 

LOW  DOSE 

50 

0.05 

103 

0 

3 

HIGH  DOSE 

50 

0.10 

103 

0 

3 

FEMALE 

CONTROL 

25 

0 

0 

110 

LOW  DOSE 

50 

0.05 

103 

0 

3 

HIGH  DOSE 

50 

0.10 

103 

0 

4 
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TABLE  2 


DESIGN  SUMMARY  FOR  B6C3F1  MICE 
1 , 5-NAPHTHALENEDIAMINE  FEEDING  EXPERIMENT 


1 , 5-NAPHTHALENE- 


MALE 

CONTROL 

INITIAL 

GROUP 

SIZE 

DIAMINE 

CONCENTRATION 

(PERCENT) 

OBSERVATION  PERIOD 
TREATED  UNTREATED 
(WEEKS)  (WEEKS) 

50 

0 

0 

109 

LOW  DOSE 

50 

0.1 

103 

0 

2 

HIGH  DOSE 

50 

0.2 

103 

0 

2 

FEMALE 

CONTROL 

50 

0 

0 

109 

LOW  DOSE 

50 

0.1 

103 

0 

2 

HIGH  DOSE 

50 

0.2 

103 

0 

3 
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than  controls  and  were  started  on  test  1 month  earlier  than  controls. 


The  dietary  concentrations  of  1 , 5-naphthalenediamine  administered 
were  0.2  and  0.1  percent.  Throughout  this  report  those  mice  receiv- 
ing the  former  concentration  are  referred  to  as  the  high  dose  groups 
and  those  receiving  the  latter  concentration  are  referred  to  as  the 
low  dose  groups.  The  dosed  mice  were  supplied  with  feed  containing 
1 , 5-naphthalenediamine  for  a total  of  103  weeks,  followed  by  a 2-  to 
3-week  observation  period. 

G.  Clinical  and  Histopathologic  Examinations 

Animals  were  weighed  immediately  prior  to  initiation  of  the 
experiment.  Body  weights  were  recorded  twice  weekly  for  the  first 
12  weeks  of  the  study  and  at  monthly  intervals  thereafter.  From  the 
first  day,  all  animals  were  inspected  twice  daily  for  mortality. 

Food  consumption,  for  two  cages  from  each  group,  was  monitored  for 
seven  consecutive  days  once  a month  for  the  first  nine  months  of  the 
bioassay  and  for  three  consecutive  days  each  month  thereafter.  The 
presence  of  tissue  masses  and  lesions  was  determined  by  monthly  ob- 
servation and  palpation  of  each  animal. 

A necropsy  was  performed  on  each  animal  regardless  of  whether  it 
died,  was  killed  when  moribund,  or  was  sacrificed  at  the  end  of  the 
bioassay.  The  animals  were  euthanized  by  carbon  dioxide  inhalation, 
and  were  immediately  necropsied.  The  histopathologic  examination  con- 
sisted of  gross  and  microscopic  examination  of  major  tissues,  organs, 
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and  gross  lesions  taken  from  sacrificed  animals  and,  whenever  possi- 
ble, from  animals  found  dead. 

Tissues  were  preserved  in  10  percent  buffered  formalin,  embedded 
in  paraffin,  sectioned,  and  stained  with  hematoxylin  and  eosin  prior 
to  microscopic  examination.  An  occasional  section  was  subjected  to 
special  staining  techniques  for  more  definitive  diagnosis. 

Slides  were  prepared  from  the  following  tissues:  skin,  subcuta- 

neous tissue,  larynx,  lungs  and  bronchi,  trachea,  bone  marrow,  spleen, 
lymph  nodes,  thymus,  heart,  salivary  gland,  liver,  gallbladder  (mice), 
pancreas,  esophagus,  stomach,  small  intestine,  large  intestine,  kid- 
ney, urinary  bladder,  pituitary,  adrenal,  thyroid,  parathyroid,  ear, 
brain,  testis,  prostate,  uterus,  mammary  gland,  and  ovary. 

A few  tissues  were  not  examined  for  some  animals,  particularly 
for  those  that  died  early.  Also,  some  animals  were  missing,  canni- 
balized, or  judged  to  be  in  such  an  advanced  state  of  autolysis  as  to 
preclude  histopathologic  interpretation.  Thus,  the  number  of  animals 
for  which  particular  organs,  tissues,  or  lesions  were  examined  micro- 
scopically varies  and  does  not  necessarily  represent  the  number  of 
animals  that  were  placed  on  experiment  in  each  group. 

H.  Data  Recording  and  Statistical  Analyses 

Pertinent  data  on  this  experiment  have  been  recorded  in  an  auto- 
matic data  processing  system,  the  Carcinogenesis  Bioassay  Data  System 
(Linhart  et  al.,  1974).  The  data  elements  include  descriptive  infor- 
mation on  the  chemicals,  animals,  experimental  design,  clinical 
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observations,  survival,  body  weight,  and  individual  pathologic  results, 
as  recommended  by  the  International  Union  Against  Cancer  (Berenblum, 
1969).  Data  tables  were  generated  for  verification  of  data  transcrip- 
tion and  for  statistical  review. 

These  data  were  analyzed  using  the  statistical  techniques  de- 
scribed in  this  section.  Those  analyses  of  the  experimental  results 
that  bear  on  the  possibility  of  carcinogenicity  are  discussed  in  the 
statistical  narrative  sections. 

Probabilities  of  survival  were  estimated  by  the  product-limit 
procedure  of  Kaplan  and  Meier  (1958)  and  are  presented  in  this  report 
in  the  form  of  graphs.  Animals  were  statistically  censored  as  of  the 
time  that  they  died  of  other  than  natural  causes  or  were  found  to  be 
missing;  animals  dying  from  natural  causes  were  not  statistically 
censored.  Statistical  analyses  for  a possible  dose-related  effect 
on  survival  used  the  method  of  Cox  (1972)  when  testing  two  groups  for 
equality  and  used  Tarone's  (1975)  extensions  of  Cox's  methods  when 
testing  a dose-related  trend.  One-tailed  P-values  have  been  reported 
for  all  tests  except  the  departure  from  linearity  test,  which  is  only 
reported  when  its  two-tailed  P-value  is  less  than  0.05. 

The  incidence  of  neoplastic  or  nonneoplastic  lesions  has  been 
given  as  the  ratio  of  the  number  of  animals  bearing  such  lesions  at  a 
specific  anatomic  site  (numerator)  to  the  number  of  animals  in  which 
that  site  was  examined  (denominator).  In  most  instances,  the  denomi- 
nators included  only  those  animals  for  which  that  site  was  examined 
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histologically.  However,  when  macroscopic  examination  was  required 
to  detect  lesions  prior  to  histologic  sampling  (e.g.,  skin  or  mammary 
tumors),  or  when  lesions  could  have  appeared  at  multiple  sites  (e.g., 
lymphomas) , the  denominators  consist  of  the  numbers  of  animals  necrop- 
s ied . 

The  purpose  of  the  statistical  analyses  of  tumor  incidence  is  to 
determine  whether  animals  receiving  the  test  chemical  developed  a sig- 
nificantly higher  proportion  of  tumors  than  did  the  control  animals. 

As  a part  of  these  analyses,  the  one-tailed  Fisher  exact  test  (Cox, 
1970,  pp.  48-52)  was  used  to  compare  the  tumor  incidence  of  a control 
group  to  that  of  a group  of  treated  animals  at  each  dose  level.  When 
results  for  a number  of  treated  groups,  k,  are  compared  simultaneously 
with  those  for  a control  group,  a correction  to  ensure  an  overall 
significance  level  of  0.05  may  be  made.  The  Bonferroni  inequality 
(Miller,  1966,  pp.  6-10)  requires  that  the  P-value  for  any  comparison 
be  less  than  or  equal  to  0.05/k.  In  cases  where  this  correction  was 
used,  it  is  discussed  in  the  narrative  section.  It  is  not,  however, 
presented  in  the  tables,  where  the  Fisher  exact  P-values  are  shown. 

The  Cochran-Armitage  test  for  linear  trend  in  proportions,  with 
continuity  correction  (Armitage,  1971,  pp.  362-365),  was  also  used 
when  appropriate.  Under  the  assumption  of  a linear  trend,  this  test 
determined  if  the  slope  of  the  dose-response  curve  is  different  from 
zero  at  the  one-tailed  0.05  level  of  significance.  Unless  otherwise 
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noted,  the  direction  of  the  significant  trend  was  a positive  dose  re- 
lationship. This  method  also  provides  a two-tailed  test  of  departure 
from  linear  trend. 

A time-adjusted  analysis  was  applied  when  numerous  early  deaths 
resulted  from  causes  that  were  not  associated  with  the  formation  of 
tumors.  In  this  analysis,  deaths  that  occurred  before  the  first 
tumor  was  observed  were  excluded  by  basing  the  statistical  tests  on 
animals  that  survived  at  least  52  weeks,  unless  a tumor  was  found  at 
the  anatomic  site  of  interest  before  week  52.  When  such  an  early 
tumor  was  found,  comparisons  were  based  exclusively  on  animals  that 
survived  at  least  as  long  as  the  animal  in  which  the  first  tumor  was 
found.  Once  this  reduced  set  of  data  was  obtained,  the  standard  pro- 
cedures for  analyses  of  the  incidence  of  tumors  (Fisher  exact  tests, 
Cochran-Armitage  tests,  etc.)  were  followed. 

When  appropriate,  life-table  methods  were  used  to  analyze  the 
incidence  of  tumors.  Curves  of  the  proportions  surviving  without  an 
observed  tumor  were  computed  as  in  Saffiotti  et  al.  (1972).  The  week 
during  which  animals  died  naturally  or  were  sacrificed  was  entered  as 
the  time  point  of  tumor  observation.  Cox's  methods  of  comparing 
these  curves  were  used  for  two  groups;  Tarone's  extension  to  testing 
for  linear  trend  was  used  for  three  groups.  The  statistical  tests  for 
the  incidence  of  tumors  which  used  life-table  methods  were  one-tailed 
and,  unless  otherwise  noted,  in  the  direction  of  a positive  dose 
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relationship.  Significant  departures  from  linearity  (P  < 0.05,  two- 
tailed  test)  were  also  noted. 

The  approximate  95  percent  confidence  interval  for  the  relative 
risk  of  each  dosed  group  compared  to  its  control  was  calculated  from 
the  exact  interval  on  the  odds  ratio  (Gart,  1971).  The  relative  risk 
is  defined  as  p^_/p  where  p is  the  true  binomial  probability  of  the 
incidence  of  a specific  type  of  tumor  in  a treated  group  of  animals 

and  p is  the  true  probability  of  the  spontaneous  incidence  of  the 

c 

same  type  of  tumor  in  a control  group.  The  hypothesis  of  equality 
between  the  true  proportion  of  a specific  tumor  in  a treated  group 
and  the  proportion  in  a control  group  corresponds  to  a relative  risk 
of  unity.  Values  in  excess  of  unity  represent  the  condition  of  a 
larger  proportion  in  the  treated  group  than  in  the  control. 

The  lower  and  upper  limits  of  the  confidence  interval  of  the 
relative  risk  have  been  included  in  the  tables  of  statistical  analy- 
ses. The  interpretation  of  the  limits  is  that  in  approximately  95 
percent  of  a large  number  of  identical  experiments,  the  true  ratio 
of  the  risk  in  a treated  group  of  animals  to  that  in  a control  group 
would  be  within  the  interval  calculated  from  the  experiment.  When 
the  lower  limit  of  the  confidence  interval  is  greater  than  one,  it 
can  be  inferred  that  a statistically  significant  result  (a  P < 0.025 
one-tailed  test  when  the  control  incidence  is  not  zero,  P < 0.050 
when  the  control  incidence  is  zero)  has  occurred.  When  the  lower 
limit  is  less  than  unity  but  the  upper  limit  is  greater  than  unity, 
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the  lower  limit  indicates  the  absence  of  a significant  result  while 
the  upper  limit  indicates  that  there  is  a theoretical  possibility 
of  the  induction  of  tumors  by  the  test  chemical  which  could  not  be 
detected  under  the  conditions  of  this  test. 
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III.  CHRONIC  TESTING  RESULTS:  RATS 


A.  Body  Weights  and  Clinical  Observations 

There  was  no  appreciable  depression  in  mean  body  weight  when 
dosed  rats  were  compared  with  their  respective  controls  (Figure  2). 

Subcutaneous  masses  were  observed  in  2 high  dose,  3 low  dose, 
and  1 control  males,  and  in  12  high  dose,  3 low  dose,  and  2 control 
females.  Crusted  cutaneous  masses  occurred  in  4 high  dose  males,  1 
low  dose  male,  2 low  dose  females,  and  1 control  female,  while  firm 
nodular  growths  were  detected  in  1 high  dose,  2 low  dose,  and  2 
control  males,  and  in  1 low  dose  female.  Swelling  of  the  eyes  was 
exhibited  by  2 high  dose  males,  2 high  dose  females,  and  2 low  dose 
females  and  swelling  of  the  nose  by  1 low  dose  male.  Only  1 control 
female  experienced  crusted  lesions  in  the  vaginal  area  while  4 low 
dose  and  9 high  dose  females  were  so  effected.  Alopecia  was  recorded 
for  1 low  dose  female,  emaciation  was  observed  in  1 male  and  1 female 
control,  and  1 female  control  exhibited  abdominal  distention. 

B . Survival 

The  estimated  probabilities  of  survival  for  male  and  female  rats 
in  the  control  and  1 ,5-naphthalenediamine-dosed  groups  are  shown  in 
Figure  3.  There  was  no  significant  positive  association  between 
dosage  and  mortality  for  either  male  or  female  rats. 

Adequate  numbers  of  male  rats  were  at  risk  from  late-developing 
tumors  with  74  percent  (37/50)  of  the  high  dose,  80  percent  (40/50) 
of  the  low  dose  and  68  percent  (17/25)  of  the  control  surviving  on 
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MEAN  BODY  WEIGHT  (GRAMS)  MEAN  BODY  WEIGHT  (GRAMS) 


FIGURE  2 

GROWTH  CURVES  FOR  1,5-NAPHTHALENE  DIAMINE  CHRONIC  STUDY  RATS 
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FIGURE  3 

SURVIVAL  COMPARISONS  OF  1,5-NAPHTHALENEDIAMINE  CHRONIC  STUDY  RATS 


22 


test  until  the  termination  of  the  study.  No  lesions  were  reported 
for  the  4 control  rats  that  died  in  week  55. 

With  76  percent  (38/50)  of  the  high  dose,  76  percent  (38/50)  of 
the  low  dose  and  64  percent  (16/25)  of  the  control  rats  surviving  on 
test  until  the  termination  of  the  study,  adequate  numbers  of  females 
were  at  risk  from  late-developing  tumors. 

C.  Pathology 

Histopathologic  findings  on  neoplasms  in  rats  are  summarized  in 
Appendix  A (Tables  A1  and  A2) ; findings  on  nonneoplastic  lesions  are 
summarized  in  Appendix  C (Tables  Cl  and  C2). 

The  incidence  of  liver  neoplasms  in  male  and  female  rats  admin- 
istered 1 ,5-naphthalenediamine  in  the  diet  appeared  to  be  increased 
relative  to  controls.  In  female  rats,  tumors  of  the  clitoral  gland, 
uterus,  and  C-cell  neoplasms  of  the  thyroid  appeared  to  be  related 
to  compound  administration.  The  incidences  of  these  tumors  are  as 
follows : 


LIVER 

(Number  of  animals  with  tissues 
examined  histopathologically) 

Neoplastic  Nodule 
Hepatocellular  Carcinoma 

PREPUTIAL/ CLITORAL  GLAND 
(Number  of  animals  necropsied) 


MALES 

FEMALES 

Con- 

Low 

High 

Con-  Low 

High 

trol 

Dose 

Dose 

trol  Dose 

Dose 

(25) 

(49) 

(49) 

(24) 

(50) 

(49) 

1 

3 

2 

0 

3 

4 

0 

4 

2 

0 

1 

0 

(25) 

(49) 

(50) 

(24) 

(50) 

(50) 

0 

0 

1 

1 

3 

8 

0 

0 

1 

0 

0 

5 

Carcinoma 

Adenoma 
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MALES 

FEMALES 

Con- 

Low 

High 

Con-  Low 

High 

trol 

Dose 

Dose 

trol  Dose 

Dose 

UTERUS  AND  ENDOMETRIUM 
(Number  of  animals  with  tissues 
examined  histopathological ly) 

- 

- 

- 

(24) 

(49) 

(48) 

Adenocarcinoma 

1 

2 

4 

Endometrial  Stromal  Polyp 

2 

14 

20 

Endometrial  Stromal  Sarcoma 

1 

2 

2 

THYROID 

(Number  of  animals  with  tissues 
examined  histopathologically) 

(21) 

(47) 

(47) 

(21) 

(49) 

(48) 

C-Cell  Adenoma 

0 

2 

5 

0 

7 

3 

C-Cell  Carcinoma 

2 

3 

3 

1 

5 

1 

Neoplasms  of  the  clitoral  (preputial)  gland  were  presented 
grossly  as  round,  fluctuant  cystic  subcutaneous  lesions  in  the  geni- 
tal area,  which  on  section  were  filled  with  pasty  green  material.  On 
microscopic  examination,  the  cyst  contents  consisted  of  desquamated 
epithelial  cells,  frequently  mixed  with  leukocytes  from  secondary 
inflammation.  The  inner  portion *of  the  cyst  wall  was  lined  by  hyper- 
keratinized  squamous  epithelium  often  thrown  into  papillary  folds. 
Peripheral  to  this  was  a zone  of  large,  round  glandular  cells  at  least 
a few  of  which  had  coarse,  brightly  eosinophilic  cytoplasmic  granules. 
If  the  peripheral  border  appeared  smooth  and  intact,  the  lesion  was 
classified  as  an  adenoma.  If  there  was  disorganization  of  the  glan- 
dular structure  and  invasion  into  the  surrounding  stroma,  the  tumor 
was  called  a carcinoma. 
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Thyroid  C-cell  tumors  were  observed  in  dosed  female  rats  at 
incidences  increased  relative  to  controls  (4/48  [8  percent]  high 
dose,  12/49  [24  percent]  low  dose,  1/21  [5  percent]  controls).  C- 
cell  adenomas  were  discrete  masses  of  these  cells,  often  containing 
small  cysts  lined  by  flat  epithelium  and  containing  colloid-like 
material.  In  C-cell  carcinomas,  the  tumor  cells  often  assumed  a 
spindle  shape  and  tended  to  invade  surrounding  tissue. 

Uterine  horns  containing  neoplasms  were  usually  grossly  enlarged. 
The  neoplasms  themselves  were  varicolored,  polypoid,  frequently 
gelatinous  masses  projecting  into  the  uterine  cavity.  Endometrial 
stromal  polyps  had  a fibrous  connective  tissue  core  richly  supplied 
with  large  vessels.  The  surface  of  the  polyps  was  covered  with  well- 
differentiated  endometrium  which  often  formed  glands  in  the  superfi- 
cial portion  of  the  polyps.  These  tumors  frequently  became  necrotic 
at  the  tip  and  exhibited  hemorrhage  and  secondary  inflammation.  In 
a few  rats,  the  connective  tissue  stroma  of  these  lesions  underwent 
malignant  transformation  characterized  by  increased  cellularity, 
mitoses,  and  formation  of  plump,  pleomorphic  nuclei.  Such  tumors 
were  classified  as  stromal  sarcomas.  A uterine  adenocarcinoma  was  a 
collection  of  fairly  well-differentiated  glands  arranged  back-to-back 
with  no  obvious  intervening  stroma.  Nuclei  of  the  glands  were 
markedly  pleomorphic  with  frequent  mitoses.  There  was  invasion  into 
the  myometrium  and  sometimes  into  extra  uterine  structures. 
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There  were  instances  in  this  study,  as  noted  in  the  summary 
tables,  where  neoplastic  lesions  occurred  only  in  dosed  animals, 
or  with  increased  frequency  when  compared  to  the  control  group.  No 
pulmonary  neoplasms  were  found  in  the  controls;  alveolar/bronchiolar 
tumors  were  seen  in  dosed  rats  of  both  sexes.  There  was  only  one 
urinary  tract  neoplasm  in  a female  control;  a few  more  occurred  in 
dosed  rats,  both  male  and  female.  No  gliomas  of  the  brain  were  seen 
in  controls;  a few  gliomas  were  found  in  dosed  rats  of  both  sexes. 
These  neoplasms  occurred  in  such  small  numbers  that  a conclusive 
interpretation  as  to  their  significance  is  not  possible. 

Rats  in  all  groups  exhibited  a variety  of  nonneoplastic  inflam- 
matory and  degenerative  changes,  and  none  were  associated  with  admin- 
istration of  the  compound. 

Based  upon  the  results  of  this  pathologic  examination,  1,5-naph- 
thalenediamine  was  carcinogenic  to  female  Fischer  344  rats  since 
feeding  of  the  compound  was  associated  with  adenomas  and  carcinomas 
of  the  clitoral  gland.  In  addition,  1 ,5-naphthalenediamine  feeding 
appeared  to  be  associated  with  increased  incidences  of  thyroid,  liver 
and  uterine  neoplasms  in  female  rats  and  liver  neoplasms  in  male 
rats . 

B.  Statistical  Analyses  of  Results 

The  results  of  the  statistical  analyses  of  tumor  incidence  in 
rats  are  summarized  in  Tables  3 and  4.  The  analysis  is  included  for 
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ANALYSES  OF  THE  INCIDENCE  OF  PRIMARY  TUMORS  AT 
SPECIFIC  SITES  IN  MALE  RATS  TREATED  WITH  1 , 5-NAPHTHALENEDIAMINE 
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Relative  Risk  (Control)  0.429  1.313 

Lower  Limit  0.006  0.115 

Upper  Limit  32.983  67.452 

Weeks  to  First  Observed  Tumor  110  106  99 
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every  type  of  tumor  in  either  sex  where  at  least  two  such  tumors  were 
observed  in  at  least  one  of  the  control  or  1 , 5-naphthalenediamine- 
dosed  groups  and  where  such  tumors  were  observed  in  at  least  5 per- 
cent of  the  group. 

For  female  rats  an  increased  incidence  of  endometrial  stromal 
polyps  was  observed  in  both  the  high  and  low  dose  groups  compared  to 
the  control  group.  The  Cochran-Armitage  test  indicated  a significant 
(P  = 0.003)  positive  association  between  compound  administration  and 
tumor  incidence.  The  Fisher  exact  tests  supported  this  result  with  a 
significant  (P  = 0.003)  comparison  of  the  high  dose  group  to  the  con- 
trol; for  the  low  dose  comparison  the  probability  level  was  P = 0.043, 
a marginal  result  which  was  not  significant  under  the  Bonferroni  cri- 
terion. Based  on  these  results,  the  administration  of  1 , 5-naphthal- 
enediamine  was  associated  with  an  elevated  incidence  of  endometrial 
stromal  polyps  in  female  rats. 

A number  of  adenomas  NOS  and  carcinomas  NOS  of  the  clitoral  gland 
were  observed  in  female  rats.  The  Cochran-Armitage  test  indicated  a 
significant  (P  = 0.003)  positive  association  between  dose  and  the 
combined  incidence  of  adenomas  NOS  or  carcinomas  NOS  of  the  clitoral 
gland.  The  Fisher  exact  test  comparing  high  dose  to  control  was  also 
significant  (P  = 0.021).  In  historical  data  collected  by  this  labora- 
tory for  the  NCI  Carcinogenesis  Testing  Program,  4/249  (2  percent)  of 
the  untreated  female  Fischer  344  rats  had  one  of  these  tumors,  com- 
pared to  the  13/50  (26  percent)  observed  in  the  high  dose  group  in 
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this  bioassay.  Based  upon  these  statistical  results,  the  administra- 
tion of  1 ,5-naphthalenediamine  was  associated  with  an  elevated  inci- 
dence of  clitoral  gland  neoplasms  in  female  rats. 


For  females  the  Fisher  exact  test  comparing  control  to 
for  the  combined  incidence  of  C-cell  adenomas  or  C-cell  care 
the  thyroid  had  a probability  level  of  P = 0.046,  a marginal 
which  was  not  significant  under  the  Bonferroni  criterion. 

Based  on  these  statistical  tests,  it  is  concluded  that 
thalenediamine  was  carcinogenic  for  female  rats,  producing  t 
the  clitoral  gland  and  uterus. 


low  dose 
inomas  of 
result 

1 ,5-naph- 
umors  of 
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IV.  CHRONIC  TESTING  RESULTS:  MICE 


A.  Body  Weights  and  Clinical  Observations 

Mean  body  weight  depression  was  readily  apparent  in  dosed  male 
mice  when  compared  to  controls.  A similar  but  less  pronounced  trend 
was  evident  in  dosed  females  (Figure  4). 

One  low  dose  male  had  a soft  subcutaneous  mass  on  the  leg  and 
two  males  in  this  group  had  palpable  abdominal  masses.  Firm  nodular 
growths  developed  in  one  low  dose  male  and  two  high  dose  females. 
Alopecia  was  observed  in  27  control  males,  16  low  dose  males,  4 high 
dose  males,  25  control  females,  and  3 low  dose  females.  Two  low  dose 
and  two  high  dose  males  experienced  noticeable  swelling  of  the  eyes. 
Abdominal  distention  was  observed  in  one  control  male  and  one  control 
female  mouse. 

B.  Survival 

The  estimated  probabilities  of  survival  for  male  and  female  mice 
in  the  control  and  1 ,5-naphthalenediamine-dosed  groups  are  shown  in 
Figure  5.  There  was  no  significant  positive  association  between  dos- 
age and  mortality  for  either  male  or  female  mice. 

Adequate  numbers  of  male  mice  were  at  risk  from  late-developing 
tumors  with  58  percent  (29/50)  of  the  high  dose,  78  percent  (39/50) 
of  the  low  dose  and  66  percent  (33/50)  of  the  controls  surviving  on 
test  until  the  termination  of  the  study.  The  6 control  male  mice 
that  died  in  week  11  were  autolyzed,  as  were  2 of  the  4 high  dose 
male  mice  that  died  in  week  41. 
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MEAN  BODY  WEIGHT  (GRAMS)  MEAN  BODY  WEIGHT  (GRAMS) 


FIGURE  4 

GROWTH  CURVES  FOR  1,5-NAPHTHALENEDI AMINE  CHRONIC  STUDY  MICE 


40 


PROBABILITY  OF  SURVIVAL  PROBABILITY  OF  SURVIVAL 


TIME  ON  TEST  (WEEKS) 


TIME  ON  TEST  (WEEKS) 


FIGURE  5 

SURVIVAL  COMPARISONS  OF  1,5-NAPHTHALENEDI  AMINE  CHRONIC  STUDY  MICE 
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For  female  mice,  with  68  percent  (34/50)  of  the  high  dose,  82 
percent  (41/50)  of  the  low  dose  and  60  percent  (30/50)  of  the  control 
mice  surviving  on  test  until  the  termination  of  the  study,  adequate 
numbers  were  at  risk  from  late-developing  tumors. 

C.  Pathology 

Histopathologic  findings  on  neoplasms  in  mice  are  summarized  in 
Appendix  B (Tables  B1  and  B2) ; findings  on  nonneoplastic  lesions  are 
summarized  in  Appendix  D (Tables  D1  and  D2 ) . 

Dietary  administration  of  1 ,5-naphthalenediamine  produced  an 
increase  in  hepatocellular  neoplasms  in  female  mice,  and  it  produced 
a dose-related  increase  in  thyroid  neoplasms  and  compound-related 
nonneoplastic  thyroid  lesions  in  both  sexes.  The  compound-related 
lesions  are  summarized  below: 


MALES  FEMALES 


Con- 

Low 

High 

Con- 

Low 

High 

LIVER 

(Number  of  animals  with 
tissues  examined  histo- 

trol 

Dose 

Dose 

trol 

Dose 

Dose 

pathologically) 

(39) 

(45) 

(43) 

(46) 

(49) 

(46) 

Hepatocellular  Carcinoma 

12 

10 

7 

1 

25 

16 

Hepatocellular  Adenoma 
THYROID 

(Number  of  animals  with 
tissues  examined  histo- 

0 

3 

6 

0 

3 

11 

pathologically) 
Follicular-Cell  Adenoma 

(Papillary  or  Follicular-Cell 
Adenoma,  Papillary 

(38) 

(46) 

(43) 

(44) 

(49) 

(45) 

Cystadenoma) 

0 

8 

16 

2 

17 

14 

Follicular-Cell  Carcinoma 

0 

1 

1 

2 

0 

1 

Follicular-Cell  Hyperplasia 

2 

12 

9 

2 

1 

4 

C-Cell  Adenoma 

0 

2 

0 

0 

1 

2 

C-Cell  Carcinoma 

0 

0 

4 

0 

1 

6 
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In  male  mice,  dietary  administration  of  the  compound  did  not 
increase  the  incidence  of  hepatocellular  neoplasms,  whereas  dosed 
females  showed  a striking  increase  in  hepatocellular  carcinomas  and 
hepatocellular  adenomas. 

Grossly,  hepatocellular  neoplasms  appeared  as  smooth,  nodular, 
rounded  masses  distorting  the  normal  shape  of  the  liver.  Color 
varied,  many  neoplasms  appearing  pale  tan  or  dark  red.  Microscopic- 
ally, hepatocellular  carcinomas  were  expansive  masses  of  hepatocytes 
exhibiting  loss  of  normal  architectural  pattern,  the  cells  being 
arranged  in  sheets  or  trabeculae  instead  of  the  normal  lobules. 

Nuclei  were  frequently  uniform,  although  variable  amounts  of  pleomor- 
phism  did  occur.  The  cytoplasm  was  either  basophilic  or  acidophilic, 
sometimes  varying  from  one  region  of  the  tumor  to  another,  and  was 
frequently  pale.  Lesions  classified  as  hepatocellular  adenomas  were 
smaller,  usually  better  differentiated,  and  were  less  pleomorphic 
than  the  hepatocellular  carcinomas. 

The  criteria  for  classification  of  thyroid  neoplasms  in  mice 
were  the  same  as  those  used  to  classify  thyroid  neoplasms  in  rats. 

The  nonneoplastic  thyroid  lesions  found  in  dosed  mice  were  similar 
to  those  in  the  rats  but  occurred  in  higher  incidences.  Hyperplasia 
of  follicular  cells  (focal,  papillary  or  adenomatous)  were  found  in 
2/38  (5  percent)  control,  12/46  (26  percent)  low  dose,  and  9/43  (21 
percent)  high  dose  male  mice.  Abundant  golden  brown  pigment  was  seen 
in  follicular  epithelium,  colloid,  and  macrophages.  In  the  mice, 
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there  were  frequent  foci  of  lymphocytes  in  the  thyroid  parenchyma  and 
occasional  cystic  areas  filled  with  amorphous  material  containing 
long  clefts  suggesting  cholesterol  crystals. 

Three  transitional-cell  papillomas  occurred  in  the  bladder  or 
urethra  of  dosed  mice  (two  high  dose  males  and  one  high  dose  female), 
but  none  occurred  in  controls. 

Based  upon  the  results  of  this  pathologic  examination,  1,5- 
naphthalenediamine  was  carcinogenic  to  B6C3F1  mice,  producing 
hepatocellular  neoplasms  in  females  and  thyroid  neoplasms  in  both 
sexes . 

D.  Statistical  Analyses  of  Results 

The  results  of  the  statistical  analyses  of  tumor  incidence  in 
mice  are  summarized  in  Tables  5 and  6.  The  analysis  is  included  for 
every  type  of  tumor  in  either  sex  where  at  least  two  such  tumors 
were  observed  in  at  least  one  of  the  control  or  1 ,5-naphthalenedia- 
mine-dosed  groups  and  where  such  tumors  were  observed  in  at  least  5 
percent  of  the  group. 

For  both  male  and  female  mice  elevated  incidences  of  thyroid  tu- 
mors were  observed  in  the  dosed  groups.  In  female  mice  the  Cochran- 
Armitage  test  indicated  a significant  (P  = 0.005)  positive  association 
between  dietary  concentration  and  the  incidence  of  C-cell  carcinomas. 
This  was  supported  by  a significant  (P  = 0.014)  Fisher  exact  test  for 
the  high  dose  group.  For  males  the  Cochran- Armitage  test  result 
was  also  significant  (P  = 0.017),  but  the  Fisher  exact  tests  were 
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not.  When  incidences  were  combined  so  that  the  numerator  represented 
mice  with  either  a papillary  adenoma,  a follicular-cell  adenoma,  or  a 
papillary  cystadenoma  of  the  thyroid,  the  Cochr an-Armi tage  test  indi- 
cated a significant  positive  association  between  dietary  concentration 
and  tumor  incidence  for  both  males  (P  < 0.001)  and  females  (P  = 0.003). 
These  were  supported  by  significant  (P  0.006)  Fisher  exact  test 
results  in  each  sex  for  comparisons  of  each  dosed  group  to  the  control 
group.  Based  on  these  results,  the  administration  of  1,5-naphthalene- 
diamine  was  associated  with  the  incidence  of  thyroid  neoplasms  in  both 
male  and  female  mice. 

For  females  an  increased  incidence  of  hepatocellular  carcinomas 
was  also  observed  among  the  dosed  mice.  The  Cochran-Armi tage  test 
indicated  a significant  (P  = 0.001)  positive  association  between  dose 
and  incidence.  This  was  supported  by  significant  (P  < 0.001)  com- 
parisons of  both  the  high  and  low  dose  to  the  control  group  using 
the  Fisher  exact  test.  Based  on  these  results  the  administration  of 
1 , 5-naphthalenediamine  was  associated  with  the  incidence  of  hepato- 
cellular carcinomas  in  female  mice. 

For  female  mice,  when  the  incidence  of  alveolar/bronchiolar 
adenomas  and  alveolar/bronchiolar  carcinomas  were  combined,  an  in- 
creased incidence  in  the  dosed  groups  was  noted.  The  Fisher  exact 
test  was  significant  for  both  the  high  (P  = 0.024)  and  low  (P  = 0.001) 
dose  groups.  The  departure  from  linear  trend  was  significant  since 
tumor  incidence  was  increased  more  in  the  low  dose  than  in  the  high 
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dose  group.  In  historical  control  data  compiled  by  this  laboratory 
for  the  NCI  Carcinogenesis  Testing  Program,  17/275  (6  percent)  of  the 
untreated  female  B6C3F1  mice  had  an  alveolar/bronchiolar  neoplasm. 
Based  upon  these  results  the  administration  of  1 , 5-naphthalenediamine 
was  associated  with  the  incidence  of  alveolar/bronchiolar  neoplasms 
in  female  mice. 

For  females  the  Fisher  exact  test  comparing  the  incidence  of 
leukemia  or  malignant  lymphoma  in  high  dose  mice  with  that  in  the 
controls  had  a probability  level  in  the  negative  direction  of 
P = 0.045,  a marginal  result  which  was  not  significant  under  the 
Bonferroni  criterion. 

Also  for  females  the  Cochran-Armitage  test  showed  a significant 
(P  = 0.040)  negative  association  between  dose  and  the  incidence  of 
adrenal  pheochromocytomas , but  the  Fisher  exact  tests  were  not  sig- 
nificant. 

In  male  mice  the  possibility  of  a negative  association  between 
dose  and  the  incidence  of  malignant  lymphomas  or  leukemia  was  noted. 

Based  upon  these  statistical  results  the  administration  of  1,5- 
naphthalenediamine  was  associated  with  the  increased  incidence  of 
thyroid  neoplasms  in  male  mice  and  of  thyroid  neoplasms,  of  hepato- 
cellular carcinomas,  and  of  alveolar/bronchiolar  neoplasms  in  female 
mice . 
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V.  DISCUSSION 


There  were  no  significant  positive  associations  between  dietary 
concentrations  of  1 , 5-naphthalenediamine  and  mortality  in  either  sex 
of  rats  or  mice.  In  all  groups  adequate  numbers  of  animals  survived 
sufficiently  long  to  be  at  risk  from  late-developing  tumors. 

Several  uterine  neoplasms  occurred  in  dosed  female  rats  at  higher 
incidences  than  in  corresponding  controls.  There  was  a significant 
positive  association  between  dietary  concentration  of  the  compound 
and  the  incidences  of  endometrial  stromal  polyps  in  female  rats.  In 
addition,  the  high  dose  to  control  Fisher  exact  comparison  was  sig- 
nificant. Endometrial  stromal  sarcomas  were  observed  in  two  low  dose 
and  two  high  dose  female  rats,  but  not  in  controls.  Uterine  adenocar- 
cinomas occurred  at  a higher  incidence  in  the  high  dose  female  rat 
group  than  in  the  control  group,  but  the  difference  in  tumor  incidence 
was  not  statistically  significant. 

The  administration  of  1 , 5-naphthalenediamine  was  associated  with 
an  elevated  incidence  of  clitoral  gland  neoplasms  in  female  rats. 

There  was  a significant  positive  association  between  the  concentration 
of  the  chemical  added  to  the  diet  and  the  incidence  of  either  adenomas 
or  carcinomas  of  the  clitoral  gland  in  female  rats.  The  incidence  of 
either  of  these  neoplasms  in  the  high  dose  female  rat  group  was 
significant  relative  to  the  incidence  in  the  control  group. 

Elevated  incidences  of  thyroid  neoplasms  were  observed  among 
dosed  mice.  For  mice  of  both  sexes  there  were  significant  positive 
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associations  between  dietary  concentration  of  1 , 5-naphthalenediamine 
and  the  incidences  of  thyroid  C-cell  carcinomas.  For  the  females  the 
high  dose  to  control  Fisher  exact  comparison  supported  the  finding; 
this  was  not  true  for  males.  When  the  mice  were  grouped  so  that  the 
numerator  of  the  incidence  represented  those  animals  with  a papillary 
adenoma,  a follicular-cell  adenoma,  or  a papillary  cystadenoma  of 
the  thyroid,  the  Cochran-Armitage  test  was  significantly  positive  for 
both  males  and  females  and  all  the  Fisher  exact  comparisons  supported 
the  findings. 

The  incidence  of  hepatocellular  carcinomas  in  female  mice  was 
significantly  associated  with  increased  concentration  of  1, 5-naphtha- 
lenediamine. In  addition,  the  high  dose  to  control  and  the  low  dose 
to  control  Fisher  exact  comparisons  were  significant.  The  incidence 
of  alveolar/bronchiolar  adenomas  was  significant,  relative  to  con- 
trols, in  both  the  low  dose  and  the  high  dose  female  mouse  groups. 

Under  the  conditions  of  this  bioassay,  1 , 5-naphthalenediamine 
was  carcinogenic  in  female  Fischer  344  rats,  causing  clitoral  and 
uterine  neoplasms.  1 , 5-Naphthalenediamine  was  also  carcinogenic  for 
B6C3F1  mice,  producing  thyroid  neoplasms  in  males  and  neoplasms  of  the 
thyroid,  liver,  and  lung  in  females.  Insufficient  evidence  was  pro- 
vided for  the  carcinogenicity  of  the  compound  in  male  Fischer  344  rats. 
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APPENDIX  A 


SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS 
IN  RATS  TREATED  WITH  1 , 5-NAPHTHALENEDIAMINE 


q TABLE  A 1 

SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS  IN  MALE  RATS  TREATED  WITH  1 ,5-NAPHTHALENEDI AMINE 


CONTROL  (UNTR) 
01-0330 

LOW  DOSE 
01-0280 

HIGH  DOSS 
01-0285 

ANIMALS 

INITIAIIY  IN  STUDY 

25 

50 

50 

ANIMALS 

NECPOPSIFD 

25 

U9 

50 

ANIMALS 

EXAMINED  HISTOPATHOLOGICAILY** 

25 

49 

49 

INTEGUMENTARY  SYSTEM 

*SKIN 

SQUAMOUS  CEIL  PAPTIICMA 
SEBACEOUS  ADENOCARCINOMA 
FIBROUS  HISTIOCYTOMA 

(25) 

2 (8%) 

(49) 

1 (2%) 
1 (2*) 
A (2*) 

(50) 

1 (2%) 

‘SUBCUT  TISSUE 
FIBROMA 
LIPOMA 

(25) 

1 ;4%) 

(49) 

3 (6*) 

(50) 

2 (4%) 

1 ;2%) 

RESPIRATORY  SYSTEM 

‘LARYNX 

(25) 

(4  9) 

(50) 

PAPILLOMA,  NOS 

1 

(2*) 

♦TRACHEA 

(24) 

(16) 

(13) 

PAPILLOMA,  NOS 

1 

(?%) 

♦ LUNG 

(25) 

(49) 

(47) 

ADENOCARCINOMA,  NOS,  METASTATIC 

1 

(2%) 

ALVFOLAF/ERONCHIOLAR  ADENOMA 

1 (2%) 

4 

; 9%) 

ALVEOLAR/BRONCHIOLAR  CARCINOMA 
C-CELL  CARCINOMA,  METASTATIC 

2 (4%) 

1 

[2%) 

SEBACEOUS  ADENOCARCINOMA,  METAST 
PHEOCHROMOCYTOMA,  METASTATIC 

1 (4%) 

1 J2S) 

HEMATOPOIETIC  SYSTFM 
‘MULTIPLE  ORGANS 

(25) 

(4  9) 

(50) 

LEUKEMIA, NOS 

UNDIFFERENTIATED  LEUKEMIA 

10  (20%) 

1 (2%) 
4 ;?%) 

MYEt OMONOCYTIC  LEUKEMIA 

i ;4*> 

1 (2*) 

LYMPHOCYTIC  IEUKEMIA 

. 



_„^2_ZS1 

# NUMBER  OF  ANIMALS  WITH  TISSUE  EXAMINED  M ICROSCOP TC» I I Y 

* NUMBER  OF  ANIMALS  NECRCFSIED 
**EXCLUDES  PARTIALLY  AUTOLYZED  ANIMALS 
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TABLE  A1  (CONTINUED) 


“ ' " *■"  r “““  -w  — - 

CONTROL  (OMT’R) 

LCU  DOSE 

HIGH 

DOSE 

0 1 -0  3 30 

01-0280 

01-0285 

•MANDIBULA”  L.  NODE 

:2U) 

:«7) 

:“7> 

O-CEIL  CABCINOMA,  METASTATIC 

1 (4t) 

SEBACEOUS  ADENOCARCINOMA.  , METP  ST 

1 (2*) 

NEUPILEMOMA,  METASTATIC 

1 

;2») 

•MEDIASTINAL  L . NODE 

(24) 

(47) 

(47) 

SEBACEOUS  ADENOCARCINOMA,  METAST 

1 (2%) 

•MESENTERIC  L.  NODE 

(24) 

(47) 

(47) 

LYMPHANGIOMA 

1 

(2*) 

•LIVE” 

(25) 

(49) 

(49) 

UNLIFFEPENTIATED  LEUKEMIA 

1 

(2*) 

•THYMUS 

(13) 

(35) 

(36) 

THYMOMA 

1 

(3%) 

MALIG. LYMPHOMA,  LYMPHOCYTIC  TYPE 

1 

:3«) 

CTPCUL ATOPY  SYSTEM 

NONF 

DTGEFTIVE  SYSIEH 

•SALIVARY  GLAND 

(25) 

(47) 

(46) 

ADENOCARCINOMA,  NOS 

1 

(2%) 

FIBROSARCOMA 

1 ',2*) 

NEURILEMOMA,  MALIGNANT 

1 

: 2 %) 

•LIVER 

(25) 

(49) 

(«9) 

NEOPLASTIC  NODULE 

1 (4*) 

3 (6%) 

2 

(«*) 

HEPATOCELLULAR  CARCINOMA 

4 ;e*) 

2 

:«*) 

LYMPHANGIOMA 

1 

:2*) 

•STOMACH 

(24) 

(41) 

(47) 

SQUAMOUS  CELL  PAPILLOMA 

1 (2%) 

URINARY  SYSTEM 

•KIDNEY 

125) 

:«9) 

;«  8) 

LIPOMA 

1 (2*) 

•URINARY  ELADDER 

(25) 

(49) 

(40) 

TFANSTTTONAL-CELL  CARCINOMA 



1 

J15J 

I NUMEEP  OF 
• NUMBEF  OF 


ANIMALS  WITH  TISSUE  EXAMINED 
ANIMALS  NEC  ROES  TED 


MICROSCOPICALLY 
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TABLE  A 1 (CONTINUED) 


CONTROL (UNTR)  LOW  DOSE  HIGH  LOSE 


01-0330 

01-0280 

01 -0285 

FNDOCPINE  SYSTEM 

♦ P ITU  IT A 0 Y 

(22) 

(44) 

(44) 

CARCINOMA, NOS 

1 (2*) 

ADENOMA,  NOS 

2 (9%) 

i ; 2 *) 

1 [2%) 

CHROMOPHOBE  ADENOMA 

3 (7*) 

7 ;i  6 *) 

ACIDOPHIL  ADENOMA 

1 [2%) 

ACIDOPHIL  CARCINOMA 

i ;2«) 

BASOPHIL  ADENOMA 

3 [TH) 

2 (5%) 

INTERSTITIAL-CELL  TUMOR,  METASTA 

1 [2%) 

♦ADRENAL 

(24) 

(48) 

(48) 

CORTICAL  ADENOMA 

1 [2%) 

PHEOCHROMOCYTOMA 

1 ;«*) 

3 [(,%) 

5 ;i c%) 

PHEOCHPOMOCYTOMA,  MALIGNANT 
NEUPORLASTOMA 

1 [ii%) 

1 (2*) 

1 12%) 

♦THYROID 

(21) 

(47) 

(47) 

FOLLICULAR-CELL  ADENOMA 

1 (5*) 

1 (2%) 

C-CELL  ADENOMA 

2 (456) 

5 ;iU) 

C-CELL  CARCINOMA 

2 ;io*> 

3 [f<%) 

3 ;8%) 

SEBACEOUS  ADENOCARCINOMA,  METAST 
PAPILLARY  CYSTA DENOCARCINOMA, NOS 

1 (2%) 

1 [2%) 

♦PARATHYROID 

(13) 

(24) 

(28) 

ADENOMA,  NOS 

1 (4%) 

*PANCPEATIC  ISLETS 

(25) 

(48) 

(4^) 

ISLET-CELL  ADENOMA 

1 (4%) 

1 ( 2 %) 

4 (4%) 

ISLET-CELL  CARCINOMA 

1 ; 2%) 

1 (2%) 

REPRODUCTIVE  SYSTEM 

‘MAMMARY  GLAND 

(25) 

(49) 

(50) 

ADENOCARCINOMA,  NOS 

1 

<?*) 

FIBROADENOMA 

1 

(2%) 

‘PREPUTIAL  GLAND 

(25) 

(49) 

(50) 

CARCINOMA, NOS 

1 

(2%) 

ADENOMA,  NOS 

1 

(2%) 

♦TESTIS 

(25) 

(49) 

(49) 

INTERSTITIAL-CELL 

TUMOR 

21  (84 1) 

44 

(50  X) 

45 

(92X ) 

INTERSTITIAL-CELL 

TUMOR,  MALIGNA 

1 

# ROBBER  OF  ANIMALS  WITH  TISSUE  EXAMINED  MICROSCOPICALLY 

* NOMBER  OF  ANIMALS  NECRCPSIED 


TABLE  A I (CONTINUED) 


CONTROL  (UNTR) 
01-0330 

ICW  DCS  E 
01-0280 

HIGH  DOSE 
01-0285 

NEPVOnS  SYSTEM 

•PRATN 

CAPCINCMA,  NCS  , METASTATIC 
GLIOMA,  NOS 

:2C> 

J«9) 
i ;2*) 

:**7) 

1 (2«) 
i ;2«) 

•CEREBELLUM 

GLIOMA,  NOS 

(25) 

(49) 

1 (2%) 

(47) 

SFECIAL  SENSE  OPGANS 

•EAR  CANAL 

SQUAMOUS  CELL  C«PCISCMA 

:25) 

1 (4%) 

: 49) 

:50) 

‘ZYMBAL'S  GLAND 

SEBACEOUS  ADENOCARCINOMA 

(25) 

(99) 

(50) 

1 (2«) 

MUSCULOSKELETAL  SYSTEM 

NONF 

EOEY  CAVITIES 

* EODY  CAVITIES 

MESOTHELIOMA,  NOS 
MESOTHELIOMA,  MALIGNANT 

(25) 

(49) 

1 [2%) 

(50) 
i ; 2* ) 

‘ABEONINU  CAVITY 
OSTEOS  A PCOM  A 

(25) 

(49) 

(50) 

1 :2*) 

AIL  OTHPP  SYSTEMS 

TAIL 

SQUAMOUS  CEIL  PAPILLCMA 

_ _J 

I NUMBER  OF  ANIMALS  WITH  TISSUE  EXAMINED  HI CPOSCOP ICA LL Y 
* NUMBER  OF  ANIMALS  NECRCPSIED 
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TABLE  A1  (CONCLUDED) 


CONTROL (UNTR) 

LOW  DOSE 

HIGH  DOSE 

01-0330 

01-0280 

01-02B5 

ANIMAL  DISPOSITION  SUMMARY 

ANIMALS  INITIALLY  IN  STUDY 

25 

50 

50 

NATURAL  DEATHS 

5 

F 

8 

MORIBUND  SAC’=IFIi~E 

SCHEDULED  SACRIFTrp 

ACCIDENTALLY  KILLED 

3 

5 

«; 

TE^IITMRI  SCTPIFirE 
RNTWAL  MT5STNG 

17 

40 

37 

5 INCLUDES  AUTOLYZED  ANIMALS 

TCMPR  SUMMARY 

TOTAL  ANIMALS  HI^H  PRIMARY  TUMORS* 

21 

4T 

49 

TO^AL  FFIMAFY  TUP*cps 

35 

96 

119 

TOT«L  ANIMALS  HI^H  BENIGN  TUMCRS 

21 

46 

49 

TOTAL  PFNIGN  TUflOFS 

20 

67 

8T 

TOTAL  animals  with  malignant  TUMOFS 

s 

19 

24 

TO  t A L MALIGNANT  TUMORS 

5 

25 

30 

TOTAL  ANIMALS  WITH  SECONDARY  T(jf|OFS# 

2 

i 

5 

'TOTAL  SECONDARY 

2 

4 

5 

TOTAL  ANIMALS  WITH  TUMCRS  UNCERTAIN- 
BENIGN  OR  MAIIGNANt 

i 

4 

2 

TOT  A L UNCERTAIN  TUNCFS 

1 

4 

2 

TOTAL  ANIMALS  WITH  TrjMCRS  UNCERTAIN- 
PRIMARY  OR  METASTATIC 

TOTAL  UNCERTAIN  Trj^rps 

* PRTM'RY  TUMOFS:  ALL  TUMORS  EXCEPT  SS 

C 0 N D ®.  c Y TUflORS 

» SECONDARY  TUTORS:  METASTATIC  "’UMOFS 

QD  TUMORS  invas 

IV E INTO  AN 

ADJACENT  ORGAN 
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TABLE  A2 

SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS  IN  FEMALE  RATS 
TREATED  WITH  1,5-NAPHTHALENEDIAMINE 


' 

CONTP^L (UNT°) 

LOW  DOSE 

HIGH  COSE 

02-0330 

02-028C 

02-0205 

»NI>1llS  INITIALIY  IN  STUDY 

25 

SO 

50 

MINUS  NECFOPSI  ED 

24 

50 

MINUS  FXANINED  HTSTOFA  TMOLOGTALLY  ** 

24 

50 

50 

IN" EGON  ENT  AP  Y SYSTEM 

'SKIN 

(24) 

(50) 

(50) 

SQU1  NOUS  CELI  C^CTNOMA 

2 (4%) 

PFSPTPA"0SY  SYSTEM 

•TRACHEA 

;23) 

;i5) 

:io) 

PAPTLLCMA,  NOS 

1 (10*) 

• LUNG 

(24) 

(50) 

(50) 

UVEOLAF/aPON-HIOLAR  ADENOMA 

1 

(2X) 

1 (2«) 

ALVEOIAF/BPONCHIOLAR  CARCINOMA 

1 ;2%) 

ropTICAL  CA*»CTVO*A,  METASTATIC 

1 

(2*1 

C-CELL  CARCINOMA,  METASTATIC 

1 

(2*) 

ENDOMETRIAL  STROMAL  SARCOMA,  MET 

1 

(2%) 

HEMATOPOTETT  SYSTE" 

'‘MULTIPLE  OPGANS 

;24) 

(50) 

;50) 

MAIIG.IYMPHOMA,  HIST'CCYTIC  TYPE 

i («*> 

LEUKEMIA, NOS 

1 

(2%) 

0NDT FFERENTTATED  LEUKEMIA 

6 

: 1 2*  > 

i ;2«) 

MYEIOMONOCYTIC  LEUKEMIA 

2 ;u*) 

CI?CUI ATOPY  SYSTEM 

HONE 

DIGESTIVE  SYSTEM 

• LI V ED 

(24) 

(50) 

(45) 

. .NEOPLASTIC  JN_ODULT__ 

3 

16*1 

iaiL 

• mine?®  OF  ANIMALS  WITH  TISSUE  EX  A MI  NED  MICROSCOPICALLY 

* NOME?0  OF  ANIMALS  NECROPSIES 
** EXCLUDES  PARTIALLY  AUTOLYZED  ANIMALS 
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TABLE  A2  (CONTINUED) 


CORT- 

nL  (UN TP) 

LOW  DOSE 

HIGH 

rrs  e 

02-0330 

92-0280 

02-0295 

HEpsTOCIILULAD  C’'DCTNC!1P 

1 

(2%) 

ENDOMETRIAL  STROMAL  SARCOMA, 

INV 

1 

[2%) 

#STO|*  \ CH 

(24) 

(50) 

(49) 

CA?rIMOM  NOS 

1 

(’%) 

SQUAMOUS  CELL  PAPILLOMA 
ENDOME? cTnI  STPrMAL  S®PC0MA, 

TMV 

1 

[2%) 

1 

:?%) 

U FIN A°Y  SYSTEM 

AKIDNEY 

:24> 

(50) 

(49) 

ITDCP. 

1 

(2%) 

1 

(?«) 

#KTDN EY/PELVI^ 

(24) 

(50) 

(49) 

Tr ANSTTTON  AL-~F.LL  PAPILLOMA 

1 

(2%) 

1 

("’%) 

# I) F TN  spy  ElADDEP 

(24) 

(48) 

(49) 

TRANSITION?!-''*!!  PAPIIIOMA 
't,pb.  M SITTOW  AL-CrL!  r » PCI  NO  mb 

1 

(4%) 

1 

(2%) 

ENDnrDTNE  SYSTEM 

# ctTFtT A c Y 

121 ) 

(5  0) 

(41) 

CA  pC INOM A , NOS 

1 

(->%) 

A.DENCM*,  JOS 

c 

(29%) 

1 

(2%) 

1 

(2%) 

CHPOWOPHOoE  ADENO* A 

7 

;iu?) 

1 * 

(24%) 

CP*r> MO PHOB F CARCINOMA 

1 

:?%) 

ArTPOPHTI  ADENOMA 

i 

(2%) 

BASOPHIL  ADFNOMP 

PA  FTII A P Y CYST' DEMOC? PCTNOM A 

, m ET 

i 

;2%) 

1 

[2%) 

u ; Er  EN  n i 

(34) 

(50) 

(49) 

CO?mT'ST  ADENOMA 

7 

(4%) 

1 

(2%) 

COPTIC AI  CAP  CINOM* 

1 

[2%) 

FHEOCHPOMjCYTON A 
LIPOMA 

1 

;u%) 

1 

[2%) 

3 

#'pHYFOT  C 

(21) 

(49) 

(U8) 

PAPTLL A°  Y C Apr  ip ON 1 

1 

(2%) 

FOLE  T^OL  AR- CELL  CAFCINOMA 

1 

;s%) 

1 

(2%) 

C-CELI  ADiNOMA 

7 

;i4%) 

3 

(6%) 

C-CELE  C A RCT  NOM  A 

;s%) 

5 

;i  o*) 

i 

(2%) 

PADTILAFY  CYSTADENOMA,  NOS 

1 

; 2%) 

i 

(->%) 

PAFILT  A c Y CYST*D5VOCA?CINCP!A 

tNQE _ 

1 

^2%) 

2 

(4%) 

M NTJMBES  of  animals  with  tissue 

EXAMINED  My  CPnS  COP ICA 

ELY 

i p AJTN*LC  RRrpncqTHO 
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TABLE  A2  (CONTINUED) 


TONT  = ot  (t|NT»)  LOW  DOSE  HIGH  C^SE 

C2-.)33')  02-0280  02-028  = 


ATT~  ISIETS 
*rSIE'T,-CEIL  0&pr~N0MA 

\27) 

*\ 

(=<) 

(4  9) 

(4  7) 

FEPP^DHCTIVE  SYSTEM 

• m-.mmsby  GLAND 

(24) 

(50) 

(50) 

ADE%1CMA,  NOS 

1 :2?) 

1 (2S) 

LDENOC A°CINOM*  , MOc 

1 (2S) 

PAT5TIT  ACY  ?.DEMOC» T5rIKOf1A 

i :?*) 

1 (2S) 

TM^MBUCTAl  PA?TILnMA 

? (2S) 

FTPPO'  DEP’)M? 

a 

(IT?) 

5 (’OS) 

13  ( 7 8 S ) 

* TLITOF  *1  jI  \MD 

[2“) 

(50) 

(50) 

rt  FCTNOM  * , NO  S 

1 

:“?) 

3 (6*) 

e ;’8S) 

adenoma,  ;jos 

5 (TO*) 

*UmpcU? 

(28) 

(49) 

(48) 

SCENOO AFCINOHA  r NO*; 

1 

(4?) 

1 (??) 

ENDOMETRIAL  STP°M e ! PnLY° 

2 

;8?) 

14  :2®S) 

20  ;42S) 

ENDOMFTPTiil  STPOMA!  S?3C0"** 

1 

(4?) 

2 (US) 

2 ;ui) 

#HTPpuS/5NrC*1  -7PTUM 

(24) 

(49) 

(48) 

OrEN’OCA^CiNOMi,  MO  C 

? (4%) 

7 (PS) 

#0  VS- Y 

(24) 

(4Q) 

(40) 

OF  AM  MI  0*5  a-CFIL  TrJMCp 

1 (??) 

SEP. "'CL T-CEI I TU*0? 

1 (2?) 

\vcypfjS  SYSTEM 

#PF>  TV 

(2  3) 

(50) 

:ro> 

^ HPn  M0  FHOb  F C^CIVCPA,  7NVASIVF 

1 (2%) 

^LTO M J , NOS 

1 (2%) 

1 PS) 

S P E C T * I s F >’  ^ £ r ° G A VT  S 

*H’°DEPI'N  GLM’D 

|2U) 

;50) 

(50) 

* DENC~ARCINOMA , NOc 

1 (2?) 

• EAP  CAM’LL 

(24) 

(50) 

(50) 

cQIJft  M-nc:  CFI I r.APCrM0MA 

1 

:«*> 

"ZYMPAL'S  GL»ND 

(24) 

(50) 

(50) 

BA £ p on S_ A D E M 0 C « C T N 0 M A _ 

..  

--  

7 «) 

« MT»Mp,?0  OF  ANIMALS  WITH  TISSUE 

EX  A MT  NED  MI 

:coosco? 

I 'IP  ILY 

* N !J  M P = P OP  ANIMALS  N Er  P'’’ r ST  E D 
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TABLE  A2  (CONTINUED) 


CQNTFOT.  (TJNTP)  ICW  D^FF 

^2-0^0  o 2 — 0 ? R 0 


HIGH  DQS" 
"2-0285 


PHS^nT  PSKELFTAl  SYSTEM 
HCNF 


oody  ^ A V IT  I r F 


* EOEY  CAVITIES 

f’ESDTHFI  TOMS  , MALIGNANT 

n«) 

(SO) 

1 \2%) 

1*0) 

* A P Tn  M I N * L C A V I T Y 
LEIOMYOSARCOMA 

(2U) 
i :u%) 

(50) 

(c  0) 

v PFTJTTr'MrrUv 

END"MPT*i;.L  ST*OM*t_  S.APCO*A,  M Em 

(2t) 

(50) 

1 ; 2%) 

(50) 

UT  ^TH?  ? S Y SIFM  $ 


pa.Tl 


SOUSM^rjQ  J E 1 1 F£.PTIIC^i 


DTaPHPA.GM 

END""!  FILIAL  ST^O^L  S-.P.CONA,  "!E" 


r.  N I M a T BTFCf'SITT"N  S rJ  f*  A F Y 
^NTHALS  IVIITAI1Y  T'!  FTUDX 

MJn-ntiai 

?10 P T ErT WD  SArFTF‘rC3 
SCHECUIEE  S 5 CP  IF IGF 
ACCIDENT  ALLY  KTIT.FD 
^E^MTN&I.  SACRIFICE 
P.NI  K BT_.  M To  P I^G 

? ~NCIUDEC  SOI^LYZED  VIT1P.LS 


# VTJmpe9  ° F JUTMfLS  WITH  TISSUE  EX  * MT  NED  FT  C ~ "S  C'"'?  TC'  I IY 

♦ NTTMBFF  CF  BNIMM.F  NFCFCFSTEi: 
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TABLE  A2  (CONTINUED) 


:CN'rorl  *UN?R)  LCW  DOSE  HTGH  DOSE 

n 2 ? ?n  02-0260 


T rj MC  ^ Sr,HMA*Y 


TO  tm  A *!  T M A 1,  S WT^li  P*TK*P  Y TrJ  CS*  1*7 
TO **7.1  FCTsjipy  tcmopc  2C 

"nTiT  ^ M T ^ t T r WITH  EENTGN  TnHCi:S  I'' 

^n"!!  THM^P.5  14 

*rO'"A!.  sjjtn^c  WI"*H  VTIGMANT  TU^OPS  1C 
*T,n'T‘f  I P!*  I-GMA  NT  11 


"^T?I  ANIMALS  WITH  SECCNDAFY  TUWCrS* 
"'Ptst  SEr'^rDl't?Y  ?U*°FS 

?nCfL  6 vjtv  * ^ c y~»rf»  ”i]mo~5  H *1C  Er  **  * T V - 
?FN:^‘I  rP  f'nlTGN?  NT 

TOTAL  U'ICE’',rr  T>‘  TUMORS 

A^vf^s  WT^M  ■',0“O'S  fJ*JCE°T  »TK- 
ro  a FT. 6 ST®?"'' 

Tn"®I  TJ»?CLrT®Tv  T UN OPS 


Ui  49 

“T*  10*7 


A3 

4#* 

22 

26 


44 

70 

?c 

3? 


4 


4 


4 


4 


• D~Tfi?.PY  TTTM_>CS:  f LT_  'MJMOPS  EXCEPT  S£COND*rY  TUMORS 

* SE0O»?DA^Y  TUMORS:  ¥rT®STAT‘r‘*  T”Mr'cS  ^UM^os  !W*STVE  7NT0  AN  ADJACEN^  O^GAV 
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APPENDIX  B 


SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS 
IN  MICE  TREATED  WITH  1 , 5-NAPHTHALENEDIAMINE 


TABLE  B1 

SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS  IN  MALE  MICE 
TREATED  WITH  1 ,5-NAPHTHALENEDIAMINE 


CONTPOI  ("NTR)  irv  DOS'!  HTOH  DOST 

oc;-r330  r|5-028S  Tq-niog 


* N I M A I S 

1NITTLILY  IN  STUDY 

50 

SO 

ANIMALS 

NISSINO 

2 

1 

BMTMP.I S 

NECPOPSIED 

3 9 

U7 

U9 

ANIMALS 

EXAMINED  HT  STOP®.  THCLCGXCAI  L Y*¥ 

39 

47 

IX  f- 

T 'iT "OnR EN T tR  Y SYSTEN 


"SUBCUT  TISSUE  (I?)  (41)  (49) 

FTBROOS  HISTTOl~Y"Oplt  1 (2%) 


*ES  PTEATORY  SYSTEM 

HWG 

:?°) 

(46) 

(45) 

p-rpt  ^oc^ILUIAP  ^AcnTNOMA,  M rT  A CT 

9 

(F%) 

2 (4%) 

ALVEQLAR/BFONCFTOLAR  1 DENOMA 

2 

*5/5) 

e ;v»%) 

2 

;ti  ?) 

t.T  VEOI  A^/BF^NCH  IOLA  p CA?CTNCM* 
C-IELL  CARCINOMA , METASTATIC 

2 

[*•*) 

i ;7%) 

1 

;p%) 

HEMPTrODr)TETTC  ?Ycr?EM 

*,MnLr'TPLT:’  0 D G b N ? 

;39> 

•4--) 

'£19 ) 

M ! L I G N A M I LYMPH CM A , PCS 

1 1 

(2fUS) 

1 (2%) 

1 

(2?) 

MALIG.  LYMPHOM' , TYMDHOCYT~C  TYPE 

3 %) 

MALIG. LYMPHOMA , HISTIOCYTIC  TYPE 

7 '£*) 

MPT  I GM AMT  LYM?HOM\ , MIXED  TYPE 

HP 

lt 

11 

;2%) 

PSPLF^M 

(38) 

(45) 

(41) 

HFM ANGIOSARCOMA 

MAT  TON  ANT  LYMPHOMA , NOS 

MALIGN  shi  LYMPHOMA , MIXED  TYPE 

1 

(3%) 

1 (2%) 

9 

;5%) 

#1ESEH'pEnXC  L.  NODE 

(3H 

(43) 

(35) 

LYMPHANGIOMA 

M7ITG. LYMPHOMA,  HISTIOCYTIC  'T* Y°E 
MALIGNANT  LYMPHOMA,  MT  XEB ‘ TYPE 

1 

■.?%) 

2 :?%> 

1 

(3%) 

<*T  W YM  TJ5 

C3) 

(29) 

(18) 

MALIGNANT  LYMPHOMA,  NOS 

1 

(8«) 

CIFCUL'.^OBY  SYSIEN 

NONE , „ 

It  NUMBER  OF  ANIMALS  WITH  TISSUE  EXAMINED  MICROSCOPICALLY 
* NUMBER  OF  ANIMALS  NECROPSIED 
**EXCLUDES  PARTIALLY  AUTOLYZED  ANIMALS 
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TABLE  B1  (CONTINUED) 


covT^ni.  (hm^c ) 

n c 3*50 

L^W  D°S E 
15-0?8S 

HIGH  COSE 
05-02°0 

:rGZS-'-'!T  SYSrr1 

# T - Vr  3 

HEPPT^C^ILniAR  ADENOMA 
«ppi  TCC*?L1I,I  A1?  CATOTNOMA 

(3°) 

12  :?i«) 

(«5) 

7 (7*1 
in  ;?2«) 

(“3) 

* (1«lt) 

7 ;i6<) 

!-TN^FY  SYSTEM 

* K I D N F Y 

TU*?Ht  a P-r^T  i ADEVO"* 

:3q) 

:«7) 

1 (2*) 

:«5> 

*lPrtf*wY  E L ?.  D D E F. 

AWSTTIOK  AL-^ELL  D*PTLICMA 

(37) 

(«5) 

(M) 

1 12*) 

i fjn  V”  TJT5  ft 

to*  v SIT  TON  ,-L-/,,ELT  PRPTL10VR 

(35) 

(«■’) 

(“=> 

1 (7*) 

NDnrFTN  E SYSTEM 

# 3 dcp>i  • T 

:7,:) 

:^2) 

:a  2) 

PHE^CH^MOC  YTOf!’  , VRLTGNAVT 

i 

(2*) 

“'"HYFOTC 

(3P) 

(U6) 

(U?) 

P * D T LL  A - Y r*FOT?,rM* 

i 

(?*) 

i 

(2%) 

P?PTLLA?Y  * D E M P w * 

i 

:?*) 

POP'LL  A -Y  A DENCC?  ® rTNO*"  A 

1 

(2*) 

prLL  I CUT  A^-CFLI  /■  0 E m o y A 

i 

•1"%) 

1 a 

:3i«) 

FOIL  T'MJT  p £-7PT  t CA^CT VO* A 

1 

;2%) 

i 

:?«) 

C-  **rI  L 1 D£NOM  A 

2 

;u*> 

C-~r,Ll  0 *-  F»  C T N 0 M A 

a 

:°*) 

DRD’LIAFY  CYST' EEVCMA , JJQS 

i 

(2%) 

*> 

^*1 

ccrnnDTirT^  Vr  3YrT5^ 
MOVE 


N r ^ VO H S S Y CT  EM 
” nwr 


CT'E"'rlI  S v E S v 0 ? G * V S 
MQ  M V 


g *J»JMP^P  OF 

• NTJM^E-  °F 


fST»"*LS  W"TH  TISSUE  FyRM7*1FD  M TC-r* S^P  TC*  1 1 Y 
AfiiTMPI?  NE^rC  PST  ED 
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TABLE  B1  (CONTINUED) 


r0Nrr5nL  ( UNTP ) ICW  DOSE  HIGH  DOSE 

ri5-r>3^  ')5-0?85  05-0290 


MHSCHLO  SKELETAL  SYSTEM 
NONE 

EODY  C^VITIFS 

* BODY  r A V'TTISS  (3°)  (47)  (49) 

MESOTHELIOMA , NOS  1 |2%) 


ALL  o^HFF  SYSTEMS 
NONE 


ANIMAL  DISPOSITION  SrJ  M MA  FY 


bmtmals  INITIALLY  IN  ^ THEY  SQ 

N A T n F a l DEATHS)  13 

MOPTEUND  SACPTFICE  2 

SrHFEHLFD  S A CP  IF  TO  E 
BCCTDENT  * LLY  KILLED 

TERMINAL  SACRIFICE  33 

U! t m j l MISSING  0 


= 0 


Q 


3? 

1 


2-I12£I22i u-1H£Q“J?zjd  .I^imals. 


# NUMBER  OF 

* NUMBER  OF 


ANT*j»is  WITH  T ISSUE  EXAMINED  MICROSCOPICALLY 
AlN^MPLS  NEr  PC  p SI  ED 


i l 

a 


2° 
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TABLE  B1  (CONCLUDED) 


CON^POL  ( n N T p ) 

LCW  DOSE 

HIGH  DGSE 

05-0330 

05-036^ 

n 5-0  290 

tiimt’:  SfT1"l.vy 

"OTi l 'WltiluS  WI'T’H  P S T K A 5 Y TUPPPS* 

?U 

un 

2C 

wtm  PpT.1ApY  '"U^r'cS 

■>q 

5U 

ap 

-r'-BT  avi^LF  WI"H  BENIGN  THKOF? 

1’ 

?n 

WTfT  ppK  jLG>t  ^TIMO^S 

0 

21 

28 

TnvjsT  a »! THAI 5 WT""w  M’lIGNAN”  7UM^p$ 

22 

2P 

12 

[ MAI'GN&V*  THPCFS 

2i 

32 

1 8 

TOT?  L A N T A X. ^ W:TP  8 E r C tl  D 1 BY  ^tfKPFS* 

2 

2 

i 

"'oi’jt  SECuVDApY  'T'r!Mn?S 

2 

2 

1 

'•JT'I  AL?  Wr/rH  TM*0?S  FJVCFP^ATN- 
3ENTGN  CP  FAl^G^A  !1t 

i 

TCT*I  UNC£PT A IN  TTJf«OP$ 

i 

toc-?  7 A M I M t L c HTTH  T’nwnog  rj  vr  rn  -*  p Zfl“ 
??TM*.PY  0 = ^TlS'ri','TC 

T 0 "■ 1 1 UVCEPTAIV  ~rjKOpS 

* P ~ I * ' 5 Y ITJPDFS:  E I T 70MOPS  EYCEP"'  33 

CCNDAPY  TUHPPS 

* SECnMD*.?Y  TUMOPS:  1ETASTA7T"  ?i?woes 

-)z  tufop  s 7»V®r 

IVE  IN"0 

fDJACEv7  0PG.VJ 
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MEDTFT  CFLCIFICFTION 
CAICTEIC'IION,  NOS 

1 (4%) 

1 

(2%) 

CTGFSTTVE  SYSTEM 

#!  TVFP 

*2  4) 

;50) 

(4  9) 

rON  G ESTT^N  , CHpr NT  C PASSIVE 
CHOI  angipfteposis 

1 

(2%) 

1 (2%) 

NEC^OST S , FOCAL 

1 

(2%) 

2 (4%) 

IN  FA  PC T,  FOCAL 

i 

(2%) 

w£T A NO PPHO ST S FAT^Y 

i 

(2%) 

BASOPHILIC  CYTO  CHANGE 

19  (421?) 

2 

(4%) 

12  (24%) 

CLF a p -CELL  CHANGE 
ANGTECTA SIS 

1 (4%) 

1 

(2%) 

HYPE  EPLF  SIR,  fASOOhiTTC 

1 (4?) 

m VEP/CFNmFILOPUL»  ° 

(24) 

(50) 

(49) 

NECPOSIS , NOS 

2 

(U%) 

FPFNCPEFS 

(22) 

(49) 

(47) 

ATPOPHY,  FOOBI 

1 (2%) 

#STO»F"H 

(24) 

(50) 

(49) 

ATYPT’ , NOS 

1 

(2%) 

HYPE  EPLF  SI F , BFSFL  CEIL 

2 

(4%) 

3 (5%) 

#nOT Oft 

(24) 

(47) 

(“5) 

PAP  AS^TT S.1 

3 

(6%) 

TJFTNFEY  SYSTEM 

♦KIDNEY 

(24) 

(50) 

(49) 

CYST,  NOS 

1 

J2%1_ 

• N P M ? E F OF  FNTMAIS  WT^H  "'ISSUE 

EX  F MINED  MICROSCOPIC'. 

II Y 

* N U M B E c OF  ANIMUS  NECPCFSTED 
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TABLE  C2  (CONTINUED) 


CONTFoi  (UNTR) 

LCD  DOSE 

HIGH  DOSE 

02-0330 

02-0280 

o?-0?85 

GLOM  EPUIONPPHP 

TTTS,  NOS 

1 (2%) 

NrPHPO  SIS,  NOS 

0 (331) 

7 (10t) 

1 (’*) 

NECROSIS,  MEDULLAHY 

1 :2*i 

CRLriFIC* f ION , 

FOCAL 

1 ;2t) 

VKTDNEY/TUBULE 

(20) 

(50) 

(«5) 

CALCIFICATION, 

NOS 

1 (Ot) 

ENDOC^NE  SYSIFM 

UPTTTTTTPSY 

:2i) 

;so) 

;o7) 

CYST,  NOS 

1 (2%) 

1 (2%) 

HEMOSTDEROS7S 

1 ;5t) 

HYPERPLASIA,  NOE 

1 (2*) 

DP  ENA  L C r'PITrX 

(20) 

(50) 

(09) 

HYPFPPL 5 SI? , NOS 

1 (2*) 

3 (Ft) 

#.',DEEN'l  MEDULLA 

(20) 

(50) 

(09) 

HYPERPLASIA,  NOS 

1 (2%) 

#T  H Y°0 T C 

(21) 

(09) 

(08) 

EOT licdlar  cys 

NOS 

1 (2*) 

TNFL  AIM  STION , 

CHRONIC 

■»  ;i5t) 

HYDEFFL8  SIA , C 

-C  FLL 

1 (St) 

F 17  PROD  UC  TT  VE  SYSTEM 


♦MAMMARY  GLAND 

(20) 

:so) 

(SO) 

GA.I«C”CCELE 

3 (St) 

LACTATION 

12  ;2ot) 

0 (8t) 

‘•VAGINA 

(20) 

(50) 

(50) 

HYPEFKErAIOSIS 

1 ;2t) 

VETER  OS 

(70) 

(09) 

(08) 

HYEPOMETPA 

1 (2%) 

EPIDERMAL  INCL0STOV  CYST 

1 (2t) 

'rH°OM0OSIS,  NOS 

1 ;2») 

PYOME^RA 

6 ;i2t> 

3 (6t) 

ATROPHY,  NOS 

3 (St) 

•UTERUS/ ENDOMETRIUM 

(20) 

(09) 

(08) 

. JZISIj.  -U35  

. 

- 1.  - !.  riir  - . - . 

1-S21L 

I NUMBER  OP  UNTI'LS  WtTH  TISSUE  EX’ MINED  MTCROSOOP’-CA  LLY 
• »UMBF°  Of  ANIMALS  PPOPOPSTEC 
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TABLE  C2  (CONTINUED; 


CONIPOT  (UNTR) 

LOW  DOSE 

HIGH  COSE 

02-0  3?0 

02-0280 

02-0285 

INFLAMMATION,  SUPPURATIVE 
INF! AMMATION,  CHRONIC 

3 (13%) 

i ;2%) 

HYPERPLASIA,  CYSTIC 
METAPLASIA,  SQUAMOUS 

i ;4%) 

4 ; 8%) 

1 (?%) 

AOVAPY/OVICUCT 

(24) 

(44) 

(48) 

■INFLAMMATION,  SUPPUPATIVE 
ABSCESS,  NOS 

E (21%) 

2 (4%) 

V np  Y 

(24) 

(49) 

(44) 

OYST,  NOS 

2 (8%) 

8 (16%) 

INFLAMMATION,  SUPPURATIVE 
INFLAMMATION,  ACUTE 

i ;4%) 

1 (2%) 

ABSCESS,  NOS 

1 (2%) 

NERVOUS  SYSTEM 

ABRATN 

: 2 3 ) 

;so) 

(50) 

HYEPCCEPHALUS,  NCS 

1 (2%) 

SPECIAL  SENSE  ORG"NS 

* F Y E 

(24) 

(50) 

(SO) 

T'!FL  AM  MAHON  , NOS 

1 [2%) 

PHTHISIS  9HIBT 

1 (2%) 

MUSCULOSKELETAL  SYSTEM 
NONE 


En C Y CAVITIES 

■■ABDOMIN’L  CAVITY  (24)  (SO)  (c0) 

NFCPOSIS,  FAT  1 |2%) 


AI.L  0THEP  SYSTEMS 

CRANTOBUCCAL  POUCH 
CYST,  NCS 


1 


SPECIAL  MORPHO  LOGY  SUMMARY 


NO . LEGION  FEPOFTED 


1 


# UUMPPP  OF 

* NUMBER  OF 


ANIMALS  WITH  TISSUE  EXAMINED  MICROSCOPICALLY 
A N T M A I S NROPOPSIEC 
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TABLE  C2  (CONCLUDED) 


CONTROL (UNTR)  low  dose  high  cose 

''2-0330  02-0280  02-0285 


An^rHYSTS/NC  NEC30FSY 


1 


« Ntl"PEt’  OF  ANIMALS  WITH  TTSSOI  EX  A MT  NED  MTCcOSCD?ICA  LLY 
* NUMPE?  op  AN  IMA  T S MSi'pcPSIEP 


APPENDIX  D 


SUMMARY  OF 
LESIONS  IN  MICE 


THE  INCIDENCE  OF  NONNEOPLASTIC 
TREATED  WITH  1 , 5-NAPHTHALENEDIAMINE 


TABLE  D1 

SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS  IN  MALE  MICE 
TREATED  WITH  1 ,5-NAPHTHALENEDIAMINE 


CONTROL (UN TP) 
05-0339 

LOW  DOSS 
95-0285 

HTGH  SOSF 
05-0790 

P NT  MILS 

INITIALLY  IN  STUDY 

50 

50 

ro 

ANIMALS 

MISSING 

2 

1 

PNTM  MS 

NEC^CPSTED 

39 

4 7 

49 

ANIMALS 

EXAMINED  HISTOPATHOLOGIC? IIY** 

39 

47 

46 

INTEG"MEN't'AFY  SYSTEM 


♦SKIN 

EPIDERMAL  INCLUSION  CYST 
INFLAMMATION,  CE®Of’TC 
FTB°03IS 


; 39)  [Hi) 

1 (?«) 

1 (3%) 

1 ;m> 


;u  9) 


* S UBC U'1’  TTSSU  E 
ABSCESS,  BO  S 


(35) 


(47)  (45) 

1 [2%) 


EESPTDJTORY  SYcT1:'M 


flung 

EFONCH0FNSUMONt* , NCS 
HYPERPLASIA,  ADENOMATOUS 

;3°> 

: 46) 

(45) 

i (2?) 

A4  (31%) 

HE!*!  B Tnonj^TTr  SYSTEM 

MS  PT  FEN 

;3R) 

;45) 

(41) 

HYPERPLASIA,  LYMPHOID 

1 (’%) 

HEM  A70POT£SIS 

1 (3«) 

2 (46.) 

fpythpofpie^is 

3 (8%) 

»MANrTEUII7  L.  NODE 

(36) 

(4  3) 

(0  = ) 

HYPPPPLA  SIP,  PIR SMP  CEIL 

1 (3%) 

fl MESENTE? Zr  L.  NODE 

(36) 

(43) 

(35) 

INFT  a 1 MAT ION , G^ANUICMATOUS 

1 (3%) 

HYPE F PI. A SI  i , NOP 

4 ;11S) 

1 (2%) 

HYPF  PPL A SI  A , I YMPHOTD 

4 (11%) 

CIRCULATORY  SYSTEM 

#H3*.  f"  (3  9)  ; it7)  ;ttu  j 

PFPTHN'BeITTS  ___ __  „ 1 12%) 

* NIJ^FF®  OF  RN I M A L c WITH  TISSUE  EXAMINED  MT CPOS CO? ICA T L Y 

* NUMFE7  CE  A-  N T M * I S N 'r'~  CC  F SI  E C 
** EXCLUDES  PARTIALLY  AUTOLYZED  ANIMALS 
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TABLE  D1  (CONTINUED) 


CONTROL  (UMTR) 

L^W  DOSE 

HIGH  DOSE 

O^-op^O 

05-0285 

05-0290 

DIGESTIVE  SYSTEM 

#LTVEP 

;3P) 

:«5) 

;U3) 

HrrorcTc  Fnr a I 

1 (2*) 

CLSAP-CFIL  CHANGE 
HYPEE9L  * SI l , FOCAL 

’ :s*) 

i ;2%) 

#P ANCP^A^IC  DUCT 

(36) 

(45) 

(40) 

D7L P T ? T TON  , NO? 

1 (2*) 

*eoocenu>i 

(37) 

(«7) 

(35) 

YLCTCOSIS 

1 (3t) 

•JFJUNOH 

(37) 

(47) 

(35) 

AMYLOIDOSIS 

1 (3%) 

1 (3t) 

#71  YUM 

(37) 

(47) 

(35) 

AH YLO^COSIS 

2 (5t) 

# COLON 

(37) 

(40) 

(36) 

pr  = 1 STTTSM  2 (5S) 


UFTMl. PY  S YSTf?l 


4K7DKEY 

(39) 

(47) 

;45) 

FYEPCNEFHECS7S 

1 (2*) 

2 

(4«) 

FYEIO'JEpHhI7TS,  FOCHL 

1 

;2o 

FYET  O'TEFHSTTIS,  CHp"NTC 

1 (2%) 

4 

;9?) 

GLOM  EPULOSCLE?nS75/  NOS 
NECROSIS,  MEDULLARY 
7NFAPCT,  HEALED 

00 

A* 

1 (2t) 

3 

r%) 

AMYLOIDOSIS 

5 ;ii?) 

12 

;27?) 

ci icTpic? rToN t nos 

i ; 2 ’,) 

CJ.tCIFICSITON,  POCSL 

i ; 2*) 

1 

(2%) 

«KTENEY/:CP'r£X 

(35) 

(47) 

(4C) 

sr?p 

1 (3t) 

« d r ni l PAP~LL* 

(35) 

(47) 

(45) 

caloifi^^tion , NOS 

C 

Pit) 

“PEP^P^N^!  TISSUE 

(35) 

(47) 

(45) 

’BSCF3S,  NOS 

1 

(2t) 

#KT  CNF Y/G LOME PULUS 

(35) 

(47) 

(45) 

»HYLOICOSIS 

N UM  FPF  OP  ANIMALS  HT^H  TISSUE 

...  

EXAMINED  "ICPOSCOPIC? 

T.LY 

• NU1Pr,:  OF  »NIH»LF  N YroCFST E E 
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TABLE  D1  (CONTINUED) 


TON  TPOI  (!JNTC) 

LCW  DOSE 

HIGH 

EOS  F 

05-0  330 

15-028S 

Oc -C290 

t n C T tf  A 5 Y BLADDER 

(3-7) 

(95) 

(41) 

CALCULUS,  NOS 

1 [2%) 

PFPT 

HYPR'RPLA  SI  A , EF  T^H  FIT  & I 

2 [U%) 

1 

:?*) 

ENDOCRINE  SYSTEM 

HADPENf.  I 

: 36) 

;4?) 

(92) 

? MYLC IC^SIS 

? (6Y) 

3 (2%) 

#r  HYFnTD 

(3P) 

(46) 

(97) 

CYSTI^  FOLLtCIES 
IN  FT.  AM  M A TION  , ri'^F 

i (?«) 

1 

[7% ) 

TNFI  AM  M ATION  , A CUTE/CHRONIC 

AMYLCIDOSIS 

HY  PF  FPL?  SI  A , FOr^L 

■ C*) 

3 (2%) 

1 

[2*) 

HYPER°L ? SI  A , PAPILLARY 

13  [211%) 

1 

■i  f.%) 

HYPFEFL* SI  A , ADENOMATOUS 
HYPEFELASIA,  FOI I TCHL  P.5 -C  ELI 

2 r%> 

2 

;SY) 

apa  RA'T’HYo0Tr 

(28) 

(10) 

(9) 

HYPERPLASIA  , NOS 

1 (a?) 

«P?.MCPEATTC  ISLETS 

(36) 

(46) 

(9  0) 

HYPFRPL’SIA,  NOS 

1 (3*) 

REF  Fr>DTJ',Tr  VF  SYSTEM 

< CHLORAL  GLAND 

(39) 

;47> 

;u  Q) 

QTLA'i’^TCfl,  NCS 

1 (?%) 

NERVOUS  SYSTEM 

#SU BARA OH NO ID  Spa.rr 

:?8> 

(43) 

;ur») 

HEM^R° KA  G5 

i 

(7?) 

jjapn  IN 

(3«) 

(47) 

(40) 

HFMOR=KIG2 

1 

(73?) 

SPECIAL  SEN^E  ORGANS 

NCNF 

» NHNBEr  OF 

* «] rjMgro  n p 


'NTSUS  WITH  TISG'TE 
AN I* A IS  NFOPOESTED 


EXAMINED  MTCPf'S'rOPI 


LIY 
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TABLE  D1  (CONCLUDED) 


MGSOTTL0?  KE IFTA  1 SYQTIM 

VQNP 


pr DY  OBVIATES 
"ON? 


<”ONTrr‘l  (WT?)  L^W  DOSE  HIGH  CCSE 

''5-0  370  05-0285  0S-C290 


MI  '■'n'Hr'F  S Y ?IFM  ^ 

Ol?GsNc‘  (39)  *47)  (4  9) 

*MYL°'rDr?LS  1 (3%) 


-jrcrT'T  1oj?FP)nGY  S'J^vBPY 


VC  LESION  FE FOOTED  r 1 1 

BNTV8T  MISS^NG/VO  v^OEO  PS  Y 2 1 

NFrcCFSY  PT^’F/'JC  HI?'TT  FEcFr,:M!C  1 

M.i'r^/‘JErF jP?Y/PISTO  FF?F  ? 

b UT° /VECPO?  5 Y/VO  wTcTO  2 

MITOLYS^S/BC  NF'"®r'F5Y  9 2 1 


a NUDES’*  o?  2 N T v l L s wTTH  TTc5fJE  r Y 1 MI  NEE  MICROSCOPIC-  LLY 
* VllMEEF  op  fcfiTvAIS  MtTDopsT^ 
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TABLE  D2 

SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS  IN  FEMALE  MICE 
TREATED  WITH  1 ,5-NAPHTHALENEDIAMINE 


roMTfOT  (TJVTP) 

LOW  DOSE 

HIGH  E~SE 

0 6-0  ? 30 

05-0  085 

n 6 - r,  2 Q o 

PN  TMFC  t W T T A T I Y TN  STHDY 

SO 

so 

50 

a >; T M t 1 s mtssTNO 

i 

fNTMALS  NEC 'op  SI  ED 

49 

50 

4 6 

INIH.ALS  EXAMIN'D  HTSTOPATHCLOGICA  T.IY**  gg 

49 

46 

TNTERnMBMT  AFY  SYSTEM 

-SKTN 

;a°) 

;sn) 

;46) 

IMF!  AMM*  TIOW  , 

i (i?) 

FFSPTP ATOPY  SYSTEM 

#t  UNR 

(UO) 

(48) 

(44) 

BFON CHOFN EU MQNTA  , NOS 

1 ( ■’* ) 

PNEUMONTA,  CH^ONT''  *TJpINE 

3 '/%) 

2 ;4X) 

HYP^PPL A SIA  , ADENOMATOUS 

1 u * "3n  <5;  j 

MET A. PI  ASIA , NOe 

2 ;4?) 

HEM* TOPOTpTTr  SYSTEM 

# BONE  MAPPOW 

;uo) 

(4  9) 

'4  5) 

FTB^OST? 

1 (2%) 

HYPEBPLASIA,  HE M* ~'r PCIET IT 

2 (4%) 

#SPIEEN 

(45) 

(49) 

(44) 

HEMOSTDE?DS'rS 

HY  PPP  DI. 1 SI  * , LYMPHOID 

1 '?  %) 

1 (2%) 

■pcYTHPOPOI,:'S'rS 

4 [9%) 

#LYMPH  NOEE  OF  T HOP 5 X 

(44) 

(45) 

(40) 

HYPCFPL*SIA,  NOS 

i [2%) 

*P a NOP* »? IC  L.NCDE 

(44) 

(45) 

(40) 

HEMATOPOIESIS 

i r.%) 

#LUMpAF  LYWPH  NODE 

(44) 

(45) 

(40) 

HYPEPPIASIA,  NOS 

1 (2%) 

#MESEMTET’IC  L . MODE 

(44) 

(45) 

(40) 

HYP'RFL’SIA,  NOS 

_ i_n!i 

« NUMBER  OF  ANIMALS  WT,rH  TISSUE 

EXAMINED  MTC-0S^OPT 

TALLY 

* N UMBEF  OF  AN IM  * LS  MF^POPSIED 
**EXCLUDES  PARTIALLY  AUTOLYZED  ANIMALS 
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TABLE  D2  (CONTINUED) 


TONT^L  (UNT*) 

LOW  DOSE 

H7GH  COSE 

06-0  3 3"1 

06-0285 

06-C290 

qyprrcx*SIP,  LYMPHOID 

i n*» 

HFMJ  TOPOI£SXS 

1 

a^ENM,  LYMPH  NODE 

(88) 

(85) 

(80) 

HIM  ATDFO'rc,STS 

i (2*) 

,*rrrnL5TOcy  SYSTEM 

she?  FT 

:«9) 

(89) 

(86) 

CMOTETSArTON,  F <s  S A L 

1 (7%) 

C’SE  CT“ V F SYSTEM 

trr  I VF° 

:«6) 

(8  9) 

;u6) 

crTf  ^ C s 

1 12%) 

rxfB^-rfT^  CFA>TG^ 
HYP” FFl p srTC  NODUIF 

i ;2*> 

1 (2%) 

WFMA  'I°P^T£SIS 

i :?«) 

# ? A VC v E A 3 

(28) 

(87) 

(88) 

pf  t:  t f prp  pttt; 

1 (2t) 

«~PrCHY,  N S 

1 [?%) 

*J*JTTMnM 

(“2) 

(9  7) 

(85) 

» M YLO " D^SIS 

1 (2*) 

• TLl-UM 

(82) 

(87) 

(85) 

AMYLOIDOSIS 

? (8%) 

9 c T " 7 d y SYSTEM 

* KIDNEY 

•as) 

(89) 

;u*) 

•SLOPES TlTr^EPHP^17'  S , NCS 
OL OM  F v?mt  n c^t  E?r-  SIS  , NTS 

2 (8?) 

1 (2%) 

A KYI 0TD0SI S 

3 (8S) 

1 (2%) 

u nr  y ELADDEP 

(83) 

(86) 

(88) 

pyor-ppiicip,  EP  I'T’HELI’  L 

8 (8%) 

DYSnLJ'ST^/  NOS 

1 (2%) 

E ND^C" TN  E SYSTEM 

# P ITU IT A ~ Y 

(38) 

;36) 

(39) 

HYP^PL^SIA*  ^CCr-L 

i_.asL-- 

* m'imppc  OF  A K 1 M A L E WTmH  TISSUE  EXAMINED  M TCP.OSCOPICMIY 

* vfjMPpr  of  t NT  MAI?  V EC  RTFS  I ED 
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TABLE  D2  (CONTINUED) 


roNTPOI  (UN TP ) 
0 f -n  3 TO 

LCW  DOSE 
06-0285 

HIGH  DOSE 
0 5-r»  ?c,o 

DBF  NAT. 

:4*> 

;aa) 

;uu) 

TUP^M3U?f  opGANIZEE 

i (?%) 

3 MYL  r TOO  SI S 

1 :2S) 

#T  HYP^TC 

(44) 

(44) 

(45) 

INFLAMMATION,  ACrJ?F 

1 (2?) 

1 (?.*) 

I*-FLA1HSTICN  , ?T1TF  FOCAL 

i ;?%) 

H Y DE  F PI  a SI A , NOS 

2 

qy  Oft;pT  ? c~  a f pspiLIAFY 

1 ;2%) 

2 ;4%) 

H Y D F P PI  * S I A , FOLLTCUI A p -CEL L 

2 ;CY) 

#PASA'!,HY90TT 

(?4) 

(12) 

(1r) 

HYP-P^L  ASIA , NOS 

1 C7*) 

FFPPODUO  T r VE  SYSTEM 

A UTEFU c 

»au) 

(45) 

(43) 

HYrL'CMET?I 

? (122,) 

#UTEpUS/ENDOMETFTUM 

(44) 

(45) 

(“2) 

9YPFPT3L  s SI  ' , '“ycT^r 

**0  (^92) 

C ( 1 "1  % ) 

#o  v 3T  y/cviluc"' 

(44) 

(45) 

(43) 

SBS-'YSS,  NO? 

1 (?<?) 

<f  n v a?  y 

(44) 

(45) 

(41) 

CYST  , NOS 

^ (!**) 

3 (0%) 

3 r%) 

^PMoqppBGir  CYST 

u ;q?) 

ABSn?SS,  NCS 

1 (2?) 

INFLAMMATION,  chtontc 

2 ' c ^- ) 

SF^VCUS  SYSTEM 

^pc a tn /meninges 

'UF  ) 

(42) 

(42) 

INFLAMMATION,  CHT"OMr 

1 (27,) 

a nr  »i 

(4?) 

(4?) 

(42) 

pcCT 

1 (2«) 

SPECIAL  S5NSF  OPGAMS 



# NTJMFF?  O F 

♦ N UMF*?  .OF 


A N T M A L S WITH  TISSUE  EXAMINED  MI  C^O  3 rnt>  I C £ LL  Y 
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T0N7D0L  (fJWT°)  LCW  DOS?  HIGH  COSH 

06-0330  06-0265  lf-f'?90 


MUSCULOS  KEIF”AL  SYSTEM 

♦SKELETAL  MUSCl*  (£1°)  (5?)  (U6) 

AFSCESS,  NOS  1 [2%) 


Er D Y r% V I'M?  S 

* '.BDnM  T N AL  r * V I T Y 'U 9 ) ;5?)  ;u6) 

NET^CSIS,  FT' T * 1 (2%) 


MI.  OTFEF  SYSZFMS 

1 
1 


DTcrs?  TTS3UF 
STT?lT"rT"rS 

p?n- 


S F F I T ? I v^D-HuTnGY  SUM  M a ? Y 


NO  LESION  FEFOPTFD  2 

ANIMAL  M IS SING/NO  NSroOFSY 
MIT^/NE^FOPSY/HTSTO  FIFE  ? 

? UTO/N FO^QP^ Y/NO  HTSTC 

*U'r'MYSTS/NO  NECROPSY  1 


« >]  rj  M P ^ r "» F * N T M f 1 S 
* NUMBS*  D E ANIMALS 


WITH  TISSUE  EXAMINED  M" CPO S 10 PI  0 » I L Y 
N E^p  OPS! ED 


D-IO 


Review  of  the  Bioassay  of  1 , 5-Naphthalenediamine * 

for  Carcinogenicity 

by  the  Data  Evaluation/Risk  Assessment  Subgroup 
of  the  Clearinghouse  on  Environmental  Carcinogens 


June  29,  1978 


The  Clearinghouse  on  Environmental  Carcinogens  was 
established  in  May,  1976,  in  compliance  with  DHEW  Committee 
Regulations  and  the  Provisions  of  the  Federal  Advisory 
Committee  Act.  The  purpose  of  the  Clearinghouse  is  to 
advise  the  Director  of  the  National  Cancer  Institute  (NCI) 
on  its  bioassay  program  to  identify  and  to  evaluate  chemical 
carcinogens  in  the  environment  to  which  humans  may  be  exposed 
The  members  of  the  Clearinghouse  have  been  drawn  from 
academia,  industry,  organized  labor,  public  interest  groups. 
State  health  officials,  and  quasi-public  health  and  research 
organizations.  Members  have  been  selected  on  the  basis  of 
their  experience  in  carcinogenesis  or  related  fields  and, 
collectively,  provide  expertise  in  chemistry,  biochemistry, 
biostatistics,  toxicology,  pathology,  and  epidemiology. 
Representatives  of  various  Governmental  agencies  participate 
as  ad  hoc  members.  The  Data  Evaluation/Risk  Assessment 
Subgroup  of  the  Clearinghouse  is  charged  with  the  responsi- 
bility of  providing  a peer  review  of  reports  prepared  on 
NCI-sponsored  bioassays  of  chemicals  studied  for  carcinogenic 
ity.  It  is  in  this  context  that  the  below  critique  is  given 
on  the  bioassay  of  1 ,5-Naphthalenediamine  for  carcinogenicity 


The  reviewer  agreed  with  the  conclusion  in  the  report 
that  1 , 5-Naphthalenediamine  was  carcinogenic  in  treated 
female  rats  and  in  both  sexes  of  mice.  He  noted  that  the 
study  was  conducted  in  a room  in  which  other  compounds  were 
under  test.  Based  on  the  experimental  findings,  he  con- 
cluded that  1 , 5-Naphthalenediamine  may  pose  a carcinogenic 
risk  to  humans.  The  reviewer  moved  that  the  report  on  the 
bioassay  of  1 , 5-Naphthalenediamine  be  accepted  as  written. 

The  motion  was  approved  without  objection. 

Clearinghouse  Members  present : 

Arnold  L.  Brown  (Chairman),  Mayo  Clinic 
Paul  Nettesheim,  National  Institute  of  Environmental 
Health  Sciences 

Verne  Ray,  Pfizer  Medical  Research  Laboratory 
Verald  K.  Rowe,  Dow  Chemical  U.S.A. 

Michael  B.  Shimkin,  University  of  California  at  San  Diego 
Louise  Strong,  University  of  Texas  Health  Sciences  Center 

* Subsequent  to  this  review,  changes  may  have  been  made 

in  the  bioassay  report  either  as  a result  of  the  review 
or  other  reasons.  Thus,  certain  comments  and  criticisms 
reflected  in  the  review  may  no  longer  be  appropriate. 
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